


JDEALING WITH THE MANUFACTURE, USES AND POTENTIALITIES OF PLASTIC MATERIALS 





MAY, 1943 


PLASTICS 


y C Adhesive 1 
/ WN Op 


FOR QUICKER, EASTER. 
CABLE & PIPE LINE 
EACLE 


DURABLE - LEGIBLE - INDELIBLY PRINTED IN ANY COLOUR 
CAN BE USED WITHOUT TOOLS-RESISTANT TO FLUIDS AND HEAT 


HERTS PHARMACEUTICALS LTD. WELWYN GARDEN CITY 
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FOR EVERYTHING 
+: ECTRICAL 


ND 1,001 
me a ‘OTHER USES 
PRODUCTS OF LIVERSEDGE -YORKS 






A wide practical experience enables us to 
give reliable technical data and valuable 
information on all these products. 
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One of the reasons why the BEKEN “ Duplex’ 
Mixer is so much more efficient is the design 
of the paddles. As will be seen from the 
illustration, mixing is done between the inter- 
meshing blades and not between the blades 
and the pan. No other method of operation 
can secure such a homogeneous mix. . . and it 
is attained with the minimum time and at low 
power cost. There is a model to suit any size 
batches . . . write for illustrated catalogue. 


le "LAVINO (LONDON) LTD. 0..., 0: 


103, KINGSWAY, LONDON.W.C.2. 


vows? EHUNT&CO..LTD. 


RIPPLE ROAD, BARKING, ESSEX. 

















VINYL PRODUCTS ¥ SON 
MANUFACTURE :— FOR BAKELITE 
ADHESIVES Acetate and other Synthetic 





et — Plant 
SYNTHETIC RESIN — 


EMULSIONS APPLIANCE C0|T® 
FLEXIBLE WOOLFOLD, BURY, LANCS. 


PROTECTIVE COATINGS Telephone: Bury 1560-1 Telegrams : *aysonite, Bury.” 








’ THERMOPLASTIC 
MATERIALS OF ALL TYPES 


WE'INAND PROBLEMS oe DIES, JICS. 
.||s- GAUGES FOR ANY 


234, HIGH STREET, FOS EROSLEM 


BRENTFORD, MIDDX. 


TELEGRAMS - ~- VINYL, BRENTFORD iain —— 
TELEPHONE - - ~- EALING 3838.9 214/222, Cardigan Road, LEEDS, 
Telephone: LEEDS 52033 
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unique process of two-way compression gives 




































































THE NEW IMPROVED HIGH-DUTY WOOD 


HIGHER SHEAR VALUES - GREATER | 
HOMOGENEITY - CLOSER CONTROL OF DENSITY 
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Loose pack of coated 
— veneers. 

































































After 1st pressure to 
; 60 Ib./cu. foot. 


After 2nd pressure to 


82 Ib./cu. foot. 
* a¢ HIGH DENSITY 


HYDULIGNUM. 


























The Hydulignum process of two-way compression has been 
developed after long research on the further improvement of 
plastic-bonded woods. First the plastic-coated veneers are 
compressed to a density of approx. 60 lb./cu. ft. in the usual 
way. Then comes the second . . . the edgewise pressure which 
raises the density to as much as 82 lb./cu. ft. And the 
result! . . . a new material offering all the advantages 
enumerated above . . . a material which, in its successful 
application to the manufacture of propeller blades for 
high-performance aircraft, has proved by hard, practical test 
its significant potentialities in the future of industry. 























































































































































































































HORDERN-RICHMOND AIRCRAFT LTD. 


ORIGINATORS OF HYDULIGNUM PROPELLER BLADES 
G | 


(C STATIC BALANCF/ UNIT : CRISTOFIN BLADE el 
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CAMBERWELL BEAUTY 
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PHONE 
CENtra! 


LONDON. EL 4 6500 





IM A PUITER-ON of ALD. 
and other marks 






I’m any hand in your factory 
with no special skill or training. 
I can put brilliant Trapinex Paint 
Transfers (patented) on plastics, 
metal or other difficult materials in a frac- 
tion of the time normally required for 
A.I.D. marks, instruction panels, scales, 
serial numbers, trade marks, etc. 


Used in vast quantities by Ministry of 
Supply, Air Ministry Contractors, 
engineering and electrical and other 
manufacturers. Prompt delivery. 


TRAPINEX 


PAINT TRANSFERS 
Regd. 


Specimens and quotations 
gladly sent without obli- 
gation on receipt of your 
requirements, 


TRAPINEX LTD. 
2, Commerce Works, 43, Commerce Road, London, N.22 
Sea RRREMES owes Park 2689 ae 





Preoccupation of an Ellison Employee now 
in the Marines. . 





TUFNOL 


Regd. Trade Mark , 


ELLISON INSULATIONS 


LIMITED 
PERRY BARR BIRMINGHAM 228 
126 
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A TYPICAL BLACKSTONE INSTALLATION 


This power station depends for its supplies on Blackstone Diesel 
engines. In all parts of the world—factories, mills, quarries, 
cinemas—everywhere where cheap power is in demand—you will 


find them in use. There is a Blackstone engine for every purpose, 





and all Blackstone engines now have Listard chrome hardened 


cylinder liners (Van der Horst patents). . 


A hundred years of engineering experience go to the making of 





Blackstone engines. Throughout the world they are famous for 


their reliability and economy. 


BLACKSTONE.AND CO. LTD. + STAMFORD : ENGLAND 
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Plastics for Aircraft 


MOULDINGS, STAMPINGS, 


ASSEMBLED PARTS, ETC., 
from CELLULOSE ACETATE and 
other THERMOPLASTIC SHEETING 


Components for the 
AIRCRAFT, ELECTRICAL 
and RADIO INDUSTRIES 


GH. GREGORY & CO. (Mana) LTD 


Telephone 79, LEA BRIDGE RD. LONDON EIO. 
DIESINKERS, eer 


2 SONS We 
MOULD MAKERS, Fonte 
GS, ere. Foc ian 
*| 89-91, roan Lane, Pe) 



































CELLULOSE ACETATE ee 
CELLULOSE 

ACETATE SHEETING 
CELLULOSE ACETATE 


FILM 
OF HIGH 
TH HAVE ee rene. ff ] 


Se 
i MICANITE & INSULATORS 
LTD. 


COMPANY ci LIMITED 


WALTHAMSTOW yp LONDON, E.!7 





Foleshill Rd., Coventry. Tel.: Coventry 88771 
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In addition to the suffering, every 
injured worker means a reduction in 
output not only due to his own 
absence, but also due to the effect on 
others of that gapin the organisation. 
Benjamin Lighting is your best pro- 
tection against accidents besides 
providing the most suitable seeing 
conditions for the actual work. The 
Benjamin Engineer in your district 
will be glad to help you on any 
lighting problem. 


BENJAMIN 


LIGHTING 


The Benjamin Electric Ltd., Brantwood Works, Tottenham, London, N.17 


Telegrams : “‘Benjalect, Southtot, London.” 


Telephone : Tottenham 5252 (5 lines) 
II 
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CIALISTS 


in Precision-production 


Quantity production of Aircraft parts and compo- 
Sa nents machined from metals, alloys, etc., and more 
recently in Plastics, from rod, tube, sheet, etc. 


iad Manufacture of high-precision Jigs and Fixtures 
(excluding moulds) for mass- production operations 
and assemblies. 













Also, construction of Units in transparent Plastics 
for scientific research or industrial purposes. 


3) SERVICE. An excellent precision laboratory 
guarantees Quality to finest limits and gives facilities 
to assist new industrial development. 


ABERED oof Gk & GOLTD. 


ELE 70 duction 





ASHTON ROAODO., BR ‘ KPQRT 





A Peep at 
the Tomorro ma Peace-Time 





THE DERBY. 


Up go the tapes—"‘ they’re off!’’ Best horses are soon 
into the lead ; round Tattenham Corner and into the 
Straight; a thunder of hoofs and a flash of colours 
Past the post, as the favourite wins by a head. 


Due to the insistent demands of war the Derby has, to ‘ 

a great extent, become simply a substitute, a happy " 
memory of the past and a hope for the future. It'll ° 
come back of course, when the time comes to bonfire 

the black-out curtains, Neon-light our streets and 

install as many Ensign lamps as we like! 


Meantime, we keenly appreciate the courtesy and 
understanding implied by the consistent support o 
our many trade friends. We are proud to continue 
in Service, and subject only to National requirements, 
will strive to maintain normal peace-time efficiency. 


ENSIGN /Z,.. 
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Eagion} 
Paseo ENSIGN LAMPS LTD., KENT st. WORKS, PRESTON 
~ A Also at London, Birmingham, Manchester, Glasgow, Cardiff, Leeds and Belfast 
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This illustration is of a 
400,000 volt unit made 


by VICTOR X-RAY aR 
CORPORATION LTD. Ff Bes 


ILFORD 


FILMS 


Particularly designed for 
Industrial Radiography 







Ts! long experience of Ilford Limited in the manufacture of X-ray materials 
has been usefully employed to give the user of X-rays for industrial 
purposes a range of materials which fully covers every possible requirement. 
Ilford X-ray emulsions are distinguished by their uniformity in speed, their 
grainlessness and treedom from: fog and from mechanical defects. The 
quick fixing properties of Ilford X-ray films expedite processing whilst the 
supercoating of the film overcomes the-risk of abrasion. 


ILFORD INDUSTRIAL X-RAY FILM A 
An extremely fast film for use with or without screens. Recommended for 
general industrial radiography and particularly for heavy structures. 


ILFORD INDUSTRIAL X-RAY FILM B 
Particularly suitable for non-screen technique. By reason of its high contrast 
and excellent resolution, this film is invaluable for fault detection in all 
cases where the delineation of fine detail is essential. 


ILFORD INDUSTRIAL X-RAY FILM. C 
Combines high resolution and fine grain with high contrast and is specially 
t, designed for the maximum rendering of fine detail. This film is recommended 
for X-ray crystallography where the highest possible resolution and contrast, 
with freedom from fog, are essential and for the examination of light alloy 
castings where inter-crystalline porosity is suspected and for the radiography 
of small assemblies. 


ILFORD KRYPTOSCREEN X-RAY PAPER 
The new Ilford X-ray paper which incorporates its own intensifying screen 
of extremely fine grain size beneath the emulsion layer, thereby giving definition 
of the highest order with greatly improved gradation and a substantial shorten- 
ing of exposure time. 
Available in two grades as follows :— ‘ 


SOFT — for the radiography of subjects which © CONTRASTY—for the radiography of sub- 
have a WIDE thickness range. jects of MODERATE thickness range. 


ILFORD LIMITED - ILFORD + LONDON 
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FOR any STYLE... 


it's LAMSON PARAGON 


(BRITAIN'S BIGGEST FORM PRINTERS) 





arness the maximum power 


of Carbon-paper to your 


PRODUCTION EFFORT 
by using 


PARAGON CONTINUOUS SPEED 
STATIONERY 


Gusstrutine Paragon Continuous 
Speed Stationery for your ordinary 
loose forms often saves as much as 50% 
of your typist’s time—a vital labour 
economy to-day. The reason is that the 
insertion of the carbons and the regis- 
sering of the forms is done automatically, 
instantly—there is no handling. 

We make Paragon Fanfold, Paragon 
Interfold, Paragon ‘Parabar,’ Paragon 
Pack Sets, Paragon Interleaved—any and 
every type of labour-saving CONTINU- 
OUS Stationery for use on Typewriters, 
Billing Machines, Tabulating Machines, 
Teleprinters, Addressing 
Machines,: and all form- 
using office machinery. 
Send Id. Stamp for 
leaflet (Paper Control 
Order No. 48). 


THE CARBON COPY FORM SPECIALISTS 


PARAGON 


LAMSON PARAGON SUPPLY CO LTD * “A Ministry of 
Co-ordination” * PARAGON WORKS, LONDON 





















* GLAS 3 
LIVERPOOL * MANCHESTE * NEWCASTLE -ON - TYNE 
ASSOCIATED COMPANIES THROUGHOUT THE EMPIRE 
AND THE USA °* REPRESENTATIVES EVERYWHERE 

WAD/LI Ud 
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ACETATE and NITRATE 
OFF-CUTS and SCRAP 
WANTED 


for work of National Importance 








Particulars and/or 

samples sent to us will 

receive immediate 
attention. 


We can arrange collec- 
tion from your works. 


LLOYDS citisrchukcu, nants: 














For the grinding of 
all kinds of Powders, 
Chemicals, Minerals, 
lours, Paints, Enamels, 
etc. Supplied lined with 
hard Porcelain, Silex, or special 
linings, and can be insulated to suit 
particular classes of work. 
Send for our‘ free illustrated literature. 


STEELE & COWLISHAW, 
gineers 

(Dept. No. 27), COOPER STREET, 

HANLEY, STOKE-ON-TRENT. 

London Office: 329, High Holborn, W.C.1. 

Telephone: Holborn 6023. 


Heatly 4 « Conkady’s SxpOuing 4 Grending 
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NOTE THIS SYMBOL OF 
THE SERVICE BEHIND— 


‘6 CELLOBOND ” Thermohardening and Thermo- 
plastic Adhesives for general and specific purposes. 


‘6 CELLOMOLD ” Cellulose Acetate Compression 
and Injection Moulding Powders. 


‘6 CHLOROVENE™®” Polyviny! Chloride Materials 


for Cable Sleevings and Insulations, Extrusions, etc., etc. 


‘6 EPOK” Phenolic and Cresylic Synthetic Resins 
and Solutions. 


“©ROCKITE” Phenolic and Cresylic Moulding 
Powders, Resins, Extruded Sections. 


xi 





F. A. HUGHES & CO., LTD. 


ABBEY HOUSE, BAKER STREET, LONDON, N.W.1. 
Phone : Welbeck 2332-6 (5 lines). Grams: Distancing, Norwest, London. 
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B.T.L. EMPIRE CENTRIFUGE 


Cast Iron Base, large diameter, on rubber 
suction feet. 






Universal Motor, completely enclosed, for all 
usual voltages, A.C. or D.C. 





Self-contained Rotary Rheostat, with “ off’ 
position. 


Glycerine Speed Counter. 

Interchangeable 2, 4, or 8 Bucket Heads. 
Cylindrical or tapered tubes, capacity 10-15 ml. 
Speed 4,000 r.p.m. R.C.F. 2,500. 


MANY OTHER MODELS AVAILABLE, 
HAND OR POWER DRIVEN. 


| K penance LTD. 


TREET, LOMDON, £. 


























GRINDER: SIFTER 


Garner's high reputation and experience 
of close on a century is your guarantee of fine 
performance and workmanship. The “Rapid” 
Combined Grinder and Sifter fully bears out 
their highest traditions. It grinds and sifts 
simultaneously, so that separate dressing is 


unnecessary. Fitted with interchangeable WM. GARDNER & SONS (aioucester) LT 


screens, cleaning is quick and simple. Will 


operate for years without trouble or breakdown. BRISTOL ROAD, GLOUCESTER 
Can be supplied direct coupled to motor. Phone: 2288 (3 lines). Grams: “‘ Gardner, Gloucester.” 


Write for catalogue 


LONDON: 19, GRAY’S INN CHAMBERS, 20, HIGH HOLBORN, W.C.|I. Phone: Chancery 7347 


GARDNER'S MACHINERY for GRINDING - SIFTING - POWDER DRESSING, elc. 
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to the specific requirements 
of our customers 


Makers of all types of - 
repetition products 
from the bar in all metals 


M-C-L and REPETITION LTD. 


- POOL LANE, LANGLEY, BIRMINGHAM. 
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You probably know that the tuning-in knobs 
on your wireless set are almost certainly made 
of Bakelite Plastics. Perhaps the entire 
cabinet is moulded from the same materials ? 
(Someyearsagoa leading manufacturer revolu- 
tionised radio cabinet design by using Bakelite 
Plastics for the first time for this purpose.) 

It will be news to most people, however, 
that many of the vital inside parts of a modern 
wireless set are of Bakelite Plastics. Bakelite 
Laminated—a material made by compressing 
paper or fabric, impregnated with Bakelite 
Synthetic Resin, into a homogeneous mass — 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.I 
TREFOIL 4 


, BAKELITE @: PLASTICS 


REGD. TRADE MARKS 











is used for many of these parts because of 
its special electrical insulation properties, 
coupled with its toughness and the ease with 
which it can be machined. This is just a 
typical instance of how Bakelite Plastics serve 
the needs of modern industry. _ 





Most forms of Bakelite Plastics are now p!ay- 
ing an important part in equipping our fight- 
ing forces and are therefore not available to 
private users. The experience gained in these 
new fields will, however, prove invaluable to 
manufacturers in many industrieswhen wecan 
again turn our minds to peacetime problems, 
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Advertising Plastics 


A SHORT time ago we described Mr. 
Kenneth Chance’s speech to the 
shareholders of his company, British 
Industrial Plastics, Ltd., as being unique 
in the history of industry—in the broad- 
mindedness of its general tenor and in 
its definition of the relationship between 
employer and employee. It seemed to us 
worthy to record that this and other 
trends showed that the plastics industry, 
in spite of its so-called youth or perhaps 
because of it, was giving a lead to the 
rest of the world in a new play of 
industrial manners. 

The lead has now been emphasized 
and improved upon still further in a most 
exhilarating manner. This has been 
brought about with the publication by 
the same concern of a new type of 
advertising in the national Press. One 
of these runs as follows :— 


What are Plastics? 


One might as well ask ‘‘ What are 
metals? ’’—for Plastics are becoming 
as numerous and varied as the older 
raw materials. All are different, 
behave differently and have their own 
particular usefulness to Industry. 

To name a few members of the 
Plastic family there are Celluloid, 
‘** Erinoid,’’ ‘‘ Bakelite,’’ ‘‘ Beetle,’ 
‘* Perspex,’’ Nylon, ** Rhodoid,’’ 
““Scarab,’’ Melamine, Vinyl, Styrene. 
All are different, and each has its own 
peculiar properties and uses. We do 
not make all the plastics mentioned 
above; indeed, many of them bear the 
trade names of other manufacturers. 

If you think you could’ use 
Plastics as raw materials for your 
industry our advice is freely given. If 
one of our Plastics is suitable for your 
use we shall recommend it. If not, we 
shall quickly put you in touch with 
another manufacturer able to supply a 


Plastic which is more suited to your 
particular job. It is of more interest 
to us that you use the right Plastic 
than that you should use one of ours 
at all costs. A Plastic wrongly chosen 
can result in a bad .product which 
would only bring discredit to an indus- 
try to which we are proud to belong. 

We do not know. what our, readers 
think of it, but we assure them it has 
stirred certain pools of silence and 
stagnation that have been long forgotten 
and ignored because of the adjacent 
glittering stream of Fleet’Street publicity. 
To say the least of it, we have a new 
standard, and since we do not wish to 
delve into realms of morality, we can call 
it a new standard of business. 

For the first time iin the chequered 
history of industrial publicity has one 
manufacturer mentioned by name and 
commented favourably on the products 
of a ‘‘rival’’ company or admitted, 
indeed stressed, that one’s own products 
may not be suitable for a particular job. 

This is certainly good business. The 
method is probably applicable only to the 
plastic industry, which produces so many 
different types of material, about which 
the general public is so completely 
befogged that a vast clearing-up must be 
undertaken before real progress can be 
made. What must also be behind the new 
advertising campaign is a realization that 
expansion of the industry will be so great 
as a result of clear thinking and clear 
talking that there will be ample business 
for all types. 

We do not necessarily advocate 
collaboration of this type in all industries 
and we shall probably never see the 
advertisement ‘“‘If a Johnnie Walker 
does not suit your palate—try a White 
Horse’’ decorating our street hoardings, 
but at least a none too healthy blood 
stream is being rejuvenated. 
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Extending Co-operation 


co collaboration naturally brings to 
mind the question.of how far can 
co-operation with outside industries be 
brought about and, of course, how far it 
is desirable or worth while. 

Many writers in the technical Press, 
especially those dealing with metals, 
rubber, wood and the older materials of 
construction, have warned their readers of 
the impact of plastics and have treated 
plastics clearly as a dangerous enemy 
against which they-must ‘‘take up arms 
against a sea of troubles and by opposing, 
end them.’’ 

We do not really quarrel with this atti- 
tude, for it is the intention of our industry 
to oust those materials where plastics will 
serve better physically, chemically and 
economically. Conversely we must pre- 
pare for reverses, against the time when 
those substances we have replaced are so 
improved as to oust plastics in their turn. 
We must expect it with metal, with wood 
or glass. Industrial life looked upon as a 
whole may at present be regarded as a 
see-saw existence without any permanent 
balance. 

While a static condition is probably highly 
undesirable, yet another type of balance 
must surely be possible, one in which a 
wise authority can choose the best of more 
than one world and unite them in the 
perfect design. 

Cannot, for example, the plastic and 
metal worlds be brought into closer col- 
laboration? We have already had 
pronouncements by authorities that 
plastics are not the panacea for all indus- 
trial ills—it would be dangerous not to 
admit the fact loudly. It may be that 
the plastic-metal, design is the solution to 
many problems. To take a _ simple 
example, there have been efforts to manu- 
facture doors and windows purely from 
plastics and purely from light metals. 
Without knowing exact details, we should 
imagine that neither would stand the 
price test. But it is conceivable that a 
combination of thin metal sheet plus 
plastics (perhaps in the expanded form) 
would not be costly and could stand com- 
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petition with wood. If this were true, 
then the plastics industry would have to 
learn a considerable amount about metal 
and its behaviour and the metal industry 
would have to turn its attention to 
plastics. 

In the midst of war we are on the 
threshold of peace when reconstruction 
begins, and it is time we clarified our 
minds to prepare for the enormous 
problems which we must face. 


Britain’s Future Industries 


E’D give a month’s pay to be able to 

live anothef 25 years just in order to 
see what the world will make of the chances 
that are offered to it. The effects of 
Lease-Lend, the promise of the Atlantic 
Charter, post-war reconstruction and the 
modern advances of science present us with 
a vista that sometimes appears too good to 


be true. What is certain is that this 
country, in spite of strong reactionary 
forces, has, with Governmental advice, 


realized the importance of maintaining a 
scientific and technical army without which 
we cannot hope to keep our place in the 
world of the future. 

Readers may remember that at a recent 
lunch given by the Institute of the Plastics 
Industry, the chief guest, Mr. Butler, 
President- of the Board ,of Education, 
promised that much would be done to 
further technical education and training in 
the future. 

This promise is now to be carried into 
effect, for the Government have announced 
their intention to encourage new British 
industries based on _ recent inventions, 
discoveries and new industrial processes 
brought into being during the war, some 
of which are still secret. j 

To help the rapid expansion of new 
industries, among them are mentioned the 
technique of radiolocation, which will revo- 
lutiofiize television and radio, the whole 
range of plastics, new building methods and 
mass production generally, the men in the 
Forces will be given technical training at 
the Government’s expense. Furthermore, 
the Government scheme includes higher 


education and technical training for men 
and women in the Forces and others whose 
careers have been interrupted by the war. 

We are at last seeing the beginning of a 
design for the production of leaders of 
every phase of the national life. 
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Substitute Materials 


f } the beginning of the war we pub- 
lished a short article on substitute 
materials, laying special stress on the 
need to employ properly the word 
‘““substitute,’’ which, in our opinion, 
did not necessarily signify an inferior 
material, although, of course, it could 
mean just that. 

The whole subject is now dealt with in 
a much more complete form by the publi- 
cation of ‘‘ Substitute Materials in War 
and Peace’’ by the Royal Institute of 
International Affairs. It has been 
written by Cecil H. Desch, F.R.S., the 
eminent metallurgist, so that the work 
may, on the whole, be considered authori- 
tative and complete. It is an important 
contribution in petto to our view of the 
economic progress that takes place in 
war-time. 

In his introduction the author reminds 
us of the words Ersatz (substitute) and 
Ersatzstoff (substitute material) which 
were associated in the mind with inferior 
substitutes for food and clothing when 
they acquired a derogatory meaning and 
were often used contemptuously. When 
the Nazi government set up its Four 
Years’ Plan very extensive substitution 
was proposed, these terms were avoided 
on the ground that the newer materials 
were not to be extemporized substitutes, 
but were to be produced deliberately and 
to justify their existence by their own 
merits, sometimes exceeding those of the 
materials replaced. German writers now 
usually speak of Neue Werkstoffe (new 
materials) or where the change has taken 
the form of lowering the proportion of 
imported constituents, as of nickel in 
steels, the modified forms are described 
as Sparstoffarm (low in constituents 
involving foreign exchange). 

The experience of the 1914-1918 war 
had shown that satisfactory Ersatz could 
not be extemporized and that patient 
research in many fields was essential. 
We can see that the results of such 
researches is the cause of the confounding 
of the confident prophecies. that one of 
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the belligerents would be forced to cease 
fighting at some given date owing to 
exhaustion of some essential raw material. 
The facilities which modern industry 
gives for the production of substitutes 
are the wonder of the whole world. 

While no industry can produce an 
element, whether one of the metals or 
non-metals, artificially, yet with coal, oil, 
wood, an agricultural industry and power, 
any country can produce rubber-like 
materials, petrol, fertilizers, certain foods, 
plastics and fibres. 

The main subjects dealt with in detail 
are synthetic substitutes for petroleum, 
substitutes for rubber, plastics, other 
organic materials and rubber. Each is 
dealt with in detail, and under petroleum 
the author discusses not only the produc- 
tion of petrol by the Bergius hydro- 
genation process, but also the Fischer 
Tropsch method of gasified coal to carbon 
monoxide and hydrogen and then caus- 
ing these to react with the production of 
special fuels and lubricating oils, the use 
of benzole, alcohol (much of the French 
wine production was converted to alcohol 
by the Germans), town’s gas, methane 
from sewage farms, producer gas, peat, 
and wood. 

Rubber is also dealt with adequately by 
a résumé of synthetic rubber production 
in the U.S.A., Russia and Germany, and 
of the cultivation of many plants other 
than those normally grown for rubber. 

Of plastics, Dr. Desch has many 
interesting and encouraging things to say. 
After describing their character and uses, 
he declares that the plastics industry is 
the most important of those concerned 
with new uses of raw materials, and would 
have reached its present position without 
the stimulus of war, but it has had the 
effect of relieving the war shortage 
of certain metals, including tin and 
aluminium, by providing satisfactory 
substitutes. It is, however, an example 
of the difficult problems associated with 
substitution that it is now reported from 
the United States that synthetic resins, 
having been so widely adopted as a means 


(Continued on page 208) 
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Polyvinyl-acetate Adhesives 


Some additional notes on _ these 
widely employed adhesives, which 
have already been discussed in the 
December, 1942, issue of “ Plastics” 


“Bersssergpiciy and adhesives having poly- 
vinyl acetate as base, and supplied in 
solid or liquid form, have been in use in 
America for a long time, and are. well 
recognized under the trade names of 
Gelvas or Alvas, and under the general 
description of vinyl adhesives. These 
materials have earned their position 
in industry by their merits for securing 
not only porous or absorbent surfaces 
together, but also for cementing non- 
porous materials, both metallic and non- 
metallic. Strength of joint obtained is 
an outstanding characteristic. 

The polyvinyl acetates offer several 
features that render them ideal for the 
production of adhesive solutions. They 
are soluble in a wide variety of organic 
solvents, including esters such as ethyl 
acetate, ketones such as acetone, hydro- 
carbons, such as benzene and toluene, 
chlorinated hydrocarbons, and methy- 
lated spirit or methylated spirit con- 
taining up to 40 per cent. of water. 
This provides a range of vehicles 
from which selection can be made 
to suit drying time, to meet non- 
inflammability requirements, or to yield 
varying degrees of ‘‘bite’’ when piastic 
materials such as cellulose acetate, methyl 
methacrylate and the like are in question. 
The polyvinyl acetates themselves can be 
produced over a range of molecular 
weights, these compounds in turn yield- 
ing solutions of a range of viscosities, the 
higher the molecular weight, the greater 
the viscosity of the solution. Again, they 
may be co-polymerized with polyvinyl 
chloride to give yet further modifications. 
Further, the polyvinyl acetates are com- 
patible with many other synthetics, such 
as nitro-cellulose, cellulose acetate, and 
ethyl cellulose, as well as with many 
plasticizers, e.g., triethylene glycol 
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hexoate, diphenyl, diphenyl methane, 
tributyrin, and isoamyl phthalate. An 
infinite field of possibilities in conse- 
quence exists for modifying the flexibility, 
hardness, water resistance or other pro- 
perties of the bond. 


Types of Adhesive 


Besides the solution and powder forms 
of these adhesives, mention should be 
made of coated papers. Thus forms 
equivalent to the thin shellac-coated 
papers known as photomounter’s tissue, 
have been available in this country. They 
find application for jointing non-porous 
materials under pressure and heat. Hard 
brass, 1-64 ip. thick, has been secured to 
itself by this means, practical details being 
to bring the assembly to 130-150 degrees 
C., apply relatively light pressure (e.g., 
300 to 1,000 lb./sq. in.), and cool 
off. Mica to metal is another combina- 
tion difficult to secure that has been suc- 
cessfully achieved with this polyvinyl- 
acetate-coated paper. In this case, the 
parts were assembled under pressure and 
placed in an oven at 110 degrees C. for 
about 15 minutes. The resultant junction 
could not be disturbed without wrecking 
the mica. In fact, lamination of the latter 
proved to be the weak feature. .- Both 
rigid and flexible metal bases have been 
used. The rigid metal was steel, 1-32 in. 
and 1-16 in. thick, and the mica was 
0.003-0.004 in. thick. The flexible metal 
was hard brass, 0.0035 in. thick, with the 
same mica. The components were circu- 
lar, a range being concerned, from } in. 
to 44 ins. dia. The arrangement of the 
assemblies are shown in Figs. 1 and 2. 
This application is in accord with the 
many American uses where metal, glass 
and porcelain have been the materials 
joined, and comparable with the use of 
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polyvinyl-acetate-base adhesives in the 
production of laminated glass. 

It is to be noted that the water-resisting 
properties of many of these adhesives are 
good and that electrical qualities are high. 
Electric strength is of the order of 1,000 
volts A.C. per mil of thickness. Qualities 











STEEL OR BRASS 
ere 


Fig. 1.—Sticking steel or brass to mica 
with P.V. acetate paper (shown shaded). 


can be chosen that are non-corrosive, 
although none of them is segiously active 
in this sense. Apart from possible applica- 
tions in the manufacture of laminated 
products (glass, wood, fabrics), the secur- 
ing of fibrous materials to metal, and for 
general glueing and sealing purposes, 
these qualities open fields in the light 
electrical industries, with possibilities in 
valve basing, securing of ceramic insula- 
tors, fixing of synthetic resin compounds, 
etc. 

Some reference was made to the poly- 
vinyl-acetate adhesives in the article on 
“* Adhesives and Cements,’’ in the April, 
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1941, issue of ‘‘ Plastics,’’ as well as i: 
the issues of June, 1942, p. 183, and 
December, 1942, p. 431. It is important 
to note that developments are continuing 
with the production of these adhesives in 
this country, and the following deals with 
tests on further products of this type. The 
tests were designed to be very general in 
nature rather than in relation to specific 
applications. 

These further investigations were made 
on a number of polyvinyl-acetate adhe- 
sive~ solutions along similar lines to 
those previously carried out. Five samples 
were tested representing two types of 
adhesive in different concentrations. Com- 
positional data appertaining to them are 
given in Table 1, which shows that 
the type A material was represented in 
three concentrations, low, medium and 
high, and the type B material in two con- 
centrations, low and medium. The acid 
values of the solutions are given, these 
being determined in the following 
manner : — 


¢ About 5 grams of the adhesive was dis- 


solved in 100 ml. of a 50/50 mixture of 
benzene and alcohol, and titrated hot 
with N/20 potassium hydroxide solution 
using phenol phthalein as indicator. It 
will be noted that for the first four 
samples the acidities are of the order of 
1.0 and the materials are very good in 
this respect. The fifth sample shows a 
higher value of the order of 10.0, but no 
detriment from this showed up during 
the tests, e.g., no corrosion of brass. The 
material, therefore, in this respect is con- 


Table 1.—Compositional Characteristics of Polyvinyl-acetate Solutions. 














Type A B 
Sample .. 2 3 4 5 
Composition, per cent. : 

Volatile spiris (3 hrs. at 110°C.) ., 89.2 74.4 63.0 90.0 81.0 


Total solids 

















Acid value : 
Mgms. KOH /gm. of base 
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P Table 2.—Examination of Polyvinyl-acetate Adhesive Junctions after 21 days’ 
Exposure at Laboratory Temperature. 
coe Type A Type B 
— Materials joined 
Sample No. | 2 3 4 5 

| Phenolic laminated to 

paper an ‘ie ‘a Poor Excellent Excellent Poor Excellent 
2 Phenolic laminated to 

phenolic laminated Good Excellent Excellent Poor Excellent 
3 Plywood to plywood a Poor Very good Excellent Poor Fairly good 
4 Phenolic laminated to 

plywood .. “a ay Poor Fairly good Very fair Poor Poor 
5 Phenolic laminated to : 

brass ee oe Poor Poor Poor Poor Fairly good 
6 Brass to plywood .. * Poor Poor Poor Poor Poor 
7 Soft rubber to plywood ., Poor Fairly good Fair Poor Poor 
8 Bituminized cement 

asbestos board to bitu- 

minized cement asbestos 

board oR we és Poor Very good Very good Poor Poor 























sidered satisfactory and in fact the value 
may not represent an actual acidity so 
much as a saponification value of one of 
the solvents or plasticizers incorporated 
in it. 

Adhesive quality of the materials was 
explored using the same range of com- 


bination of materials as_ previously 
employed, namely :— 

(1) A high grade of phenolic 
laminated sheet to paper. 

(2) Phenolic laminated sheet to 


phenolic laminated sheet. 

(3) Plywood to plywood. 

(4) Phenolic laminated sheet to ply- 
wood. 

(5) Phenolic 
brass. 

(6) Brass to plywood. 

(7) Soft rubber to plywood. 

(8) Bituminized cement asbestos 
board to bituminized cement asbestos 
board. 

Specimens were 1 in. wide and were 
joined together to give 1 in. overlap. The 
adhesive was applied by brush to both 
mating surfaces, which were then pressed 
together and held under gentle pressure 
in a vice for one hour. They were then 
allowed time to enable them to fully dry 
out by exposure for three days to ordinary 
laboratory temperature before testing. 

Before examining all the adhesives with 
the full range of combinations of materials 


laminated sheet to 


under all the exposure tests, the full range 
of materials were cemented with all the 
samples and exposed to laboratory tem- 
peratures for three weeks and then 
examined. The more inferior samples 
were not further considered and the tests 
applied only to the more promising ones. 
These tests comprised the following separ- 
ate sets of conditions :— 

(a) Exposure for 21 days to fluctuat- 
ing warmth and moisture in a cabinet 
to give the following approximate con- 
ditions :— 

Day temperature 55-60 degrees C. 
and 65-75 per cent. humidity, cooling 
off at night to atmospheric tempera- 
ture with rise in humidity to 100 per 
cent.. and condensation of moisture 
on all specimens. 

(b) Complete immersion in water at 
laboratory temperatures. 

(c) Exposure in a _ solid carbon 
dioxide chamber to a temperature of 
minus 50 degrees C., holding for two 
days with temperature between minus 
50 and minus 40 degrees C. 

For easy comparison of the properties 
of the various adhesives and the extent of 
their deterioration or improvement under 
the test conditions, all results have been 
concisely tabulated with a separate table 
for each set of conditions, namely Tables 
2, 3, 4 and«.5. In these tables the 
following expressions have been used :— 

D 
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A. Excellent, 


signifying 
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that the 


joints could not be separated, or only 


separated with great difficulty. 


B. Very good, signifying difficulty in 
separation, but slightly easier than A. 


C. Good, 


withstanding 


reasonable 


pull in tension, but still separating. 
joint being 
tenacious, but could be separated. 

E. Very fair, could be separated. 

F. Fair, separation still easier than 


D. Fairly 


E 


good, the 


G. Poor, could be separated very 


easily. 
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The specimens that were poor after 
three weeks’ exposure at ordinary tem 
peratures were not proceeded with on the 
other tests. 

A broad review of the tabulated data 
shows that the lower concentrations oi 
both types of cement are poor, while the 
higher concentrations, particularly type 2, 


are very good in most cases. 


Again, the 


general conclusion is that complete water 
immersion is detrimental, although there 
were one or two instances where the junc- 
tion still remained sound, e.g., adhesive 
No. 3 for phenolic laminated to itself and 


Table 3.—Examination of Polyvinyl-acetate Adhesive Junctions after 21 Days’ 


Exposure to Hot and Cold Humidity Conditions. 











ee Type A Type B 
— ane Materials Joined 
Sample No. | 2 3 4 5 
1 Phenolic laminated to _- Excellent Exceilent _ Excellent 
paper 
2 Phenolic laminated to | Poor, Very good, | Excellent -- Good, some 
phenolic laminated deteriorated | only slight deterioration 
deterioration 
3 Plywood to plywood _ Good, only | Very good, - ~ 
slight only slight 
deterioration| deterioration 
+ Phenolic laminated to = 0° Good, im- _ — 
plywood proved 
5 Phenolic laminated to - _ - - 
brass 
6 Brass to plywood _ _ _ _ - 
7 Soft rubber to plywood _ Fairly good | Very good, — _ 
improved 
8 Bituminized cement asbes- _ Good, only | Poor, « _ _ 
tos board to bituminized slight deteriorated 





cement asbestos board 








deterioration 














Table 4.—Examination of Polyvinyl-acetate Adhesive Junctions after 21 


in Water at 20°C. 


Days’ Immersion 











La Type A Type B 
as a Materials joined 
Sample No. | 2 3 4 5 
1 Phenolic laminated to os ‘oor, Poor, _ Good, slight 
paper deteriorated | deteriorated deterioration 
2 Phenolic laminated to | Poor, oor, Good, some _ Poor, 
phenolic laminated deteriorated | deteriorated | deterioration deteriorated 
3 Plywood to plywood — ; § — _ 
deteriorated | deteriorated 
4 Phenolic laminated to _ oor, oor, _ _ 
plywood deteriorated | deteriorated 
5 Phenolic laminated to a — — _ _ 
brass 
6 Brass to plywood — a _ - — 
7 Soft rubber to plywood _ Poor, Very good, _ a 
deteriorated improved 
8 Bituminized cement — oor, — a 





asbestos board to bitu- 
minized cement asbestos 


board 








deteriorated 





Poor, 
deteriorated 
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Table 5.—Examination of Polyvinyl-acetate Adhesive. Junctions after 2 Days’ 
Exposure to cold at -—40/-50°C 











ee . Type A Type B 
ew Materials joined 
Sample No. | 2 3 5 
| Phenolic laminated to — Excellent Excellent Excellent 
paper 
2 Phenolic laminated to ® Very good, Excellent Good, some 
phenolic laminated deteriorated | only = slight deterioration 
eterioration 
Plywood to plywood o= Excellent, Excellent — 
improved 
Phenolic. laminated to - a oor, — 
plywood deteriorated | deteriorated 
Phenolic laminated to — — — _ 
brass 


Brass to plywood _ 
Soft rubber to plywood - 


ono wn dh WwW 


Bituminized cement asbes- _- 
tos board to bituminized 
cement asbestos board 








Good, Very good, _ 
improved improved 
Fairly good, | Good, only — 


slight 
deterioration 


slight 
deterioration 

















for rubber to plywood. Exposure to cold 
in general produced no deterioration, a 
notable exception being the case of ply- 
wood to phenolic laminated. 

It is presumed, therefore, that the 
lower concentrations of adhesives are 
ruled out for any of the purposes con- 
sidered, but the others warrant attention. 
Thus, judged only on the atmospheric 
temperature tests, samples’ No. 2 and 3 
of type A proved unsuitable for securing 
metal to phenolic laminated or to wood, 
but promising in all other respects, and 
exceedingly good for phenolic laminated 
to itself or to paper, for plywood to ply- 
wood, or for the very difficultly cemented 
bituminized asbestos products. Likewise, 
sample No. 5, the concentrated type B 
material, proved excellent for paper to 
phenolic laminated and phenolic lamin- 


ated to itself. Further, little or no 
deterioration occurred with these under the 
fluctuating ‘thumidity conditions tests, but 
it did under the water test. Sample No. 5 
was the only one that would withstand 
the water-immersion conditions, when 
used for securing paper to phenolic 
laminated, and No. 3 when used for 
phenolic laminated to itself, or for rubber 
to wood. 

It will thus be seen there are a number 
of applications where these materials are 
quite suited, but selection has to be made 
with care if very damp conditions are ,to 
be encountered. Further developments 
have yet to be made, and while general 
purposes may have been satisfied to a 
considerable degree, specific applications 
and the requirements of apectiic.s service 
conditions have to be met. 








Commodity Control 


Since most factories are working under 
control of manufacture or under control of 
the supply of commodities, the understand- 
ing of the Emergency Legislation that has 
been imposed is a very necessary part of 
managerial equipment. Butterworth and 

»., Ltd., has just published ‘‘ Commodity 
Control,’’ by Freeman and Hignett (price 
15s.). In about 300 pages are compressed 
the raison d’étre of the many emergency 
orders and statutes that have been imposed 
upon us, how they are enforced, the mean- 


ing of concentration of production, how and 
why control of employment and commodi- 
ties are applied, price control, offences, 
penalties and proceedings, etc. Appendices 
include a complete schedule of Orders and 
Regu‘ations, lists of Price Regulation Com- 
mittees, addresses of Licensing Offices and 
of official departments and Government 
offices by whom control is applied. It 
would seem \that no part of emergency legis- 


‘ lation imposing control ovcr some 160 


types of material has been overlooked. 
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New Plastic Cylinder 
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for Servo Unit 


An 8-in. plastic cylinder 
assembly with 1.75 -in. 
Lockheed master cylinder. 





Practical Tests have Demonstrated that a Laminated- 
phenolic-resin Cylinder may Successfully Replace 
Rubber Bellows in Heavy-duty Servo Units 


OMEWHAT unfortunately, «the 
exigencies of war have called for 
servo braking systems with a force in 
excess of 230 lb. at a time when rubber 
supplies have become very short, and 
before synthetics are available in suffi- 





A 6}-in.-bore plastic cylinder maintaining 
under pressure a dead load of 16 cwt. 


cient quantity to meet the probable 
demand in this field. 

The mechanical properties of the rubber 
mix, used for bellows on the servo of con- 
ventional design, are such that thick sec- 
tions must necessarily be used. Thus, the 
bellows on one 230-lb. pull-type weigh 
53 Ib., and it is to be presumed that 
models with greater loading capacity 
would consume proportionately _ still 
larger quantities of rubber. 

It will be seen, then, that two diffi- 
culties had to be encountered. First, 
shortage of raw material; secondly, that 
of undesirable increase in the dead- 
weight of the component. To overcome 
these problems, Feeny and Johnson, Ltd., 
Ealing Road, Wembley, decided to carry 
out experiments on the replacement of 
the rubber bellows by plastic cylinders. 

Preliminary trials proved highly suc- 
cessful and production is now under way. 
The material selected for the cylinder is a 
heavy-duty laminated phenolic, which, 
besides possessing the high strength to 
resist implosion or bursting, has also a 
high resistance to impact. This is clearly 


. Necessary, as, in service, the unit might 


be subjected to shock loading. 
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A somewhat spectacular view of a 10-in. 
plastic cylinder under }-ton load. 


During actual bench trials, two inci- 
dents occurred to demonstrate this last- 
named property. While a 64-in. cylinder 
was being tested to 16 cwt. lift under 
pressure, and while the 10-in. cylinder 
was lifting (vacuum) a deadweight of 
} ton, the supporting chain tackle broke 
after peak load had been maintained for 
some few minutes. The cylinder units 
were shot with considerable violence on 
to a stone floor, but subsequent examina- 
tion and retest showed that no cracking 
or other damage had occurred. 
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There are being manufactured, at the 
moment, cylinders of 64-in., 8-in. and 
10-in. bores. These give under vacuum 
pulls of approximately 330, 500 and 
750 lb. respectively. The 6}-in. cylinder 
is also in production as a pressure unit. 

It will be appreciated that, under oper- 
ating conditions, the sliding properties 
of the bore are of importance. In no cir- 
cumstances must this wear or develop 
roughness, occurrences which would, in 
either case, result in loss in efficiency and 
rapid destruction of the cup piston. 

In practice, as has been demonstrated 
before, the phenolic resins provide an 
extremely hard, wear-resistant, smooth- 
running surface; they are indeed, as is 
well known, used for bearings. 

Perhaps the most striking advantage of 
the replacement of rubber by plastics is 
the great reduction in weight which is 
achieved. Thus, as already noted, a 230- 
Ib, pull-type rubber bellows weighs 54 Ib.; 
the 330-lb. pull 64-in. plastic cylinder 
weighs 1 lb. 1 oz.; the 8-in. cylinder 1 lb. 
8 oz., and the 10-in. cylinder 2 lb. 8 oz. 
The pulling capacity of this last is more 
than three times that of the 54-Ib. rubber 
bellows, the weight of the unit being less 
than half. 

As to the life in service of such a resin- 
impregnated cylinder, there is no doubt 
that from the point of view of oil and heat 
resistance it compares very favourably 
with the rubber type of bellows. 


U.S. Synthetic Rubber 

Mr. Robert Patterson, U.S. Under- 
Secretary for War, has stated that emphasis 
on the synthetic rubber programme had 
crippled production of high octane aviation 
spirit. This statement has been challenged 
by Mr. William Jeffers, the director of the 
synthetic rubber programme. The latter has 
issued the following : — 

‘* The statement attributed to the Under- 
Secretary for War, and alleged to have been 
concurred in by the Secretary of the 
Interior, is so serious, and so seriously 
affects the war effort and the American 
people, and might contribute so materially 
to the comfort of the enemy, that it calls 
for an immediate investigation to bring out 
the true facts.’’ 
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Fig. 1.—View of four-high plate mill after 

assembly in shop. The dimensions of this 

equipment may be judged from the figure 

of the operative to be seen at the right 
of the rolls. 


LASTIC bearings, correctly con- 
Pisiriciea and used, and designed 
. according to the special working con- 
ditions to be encountered in rolling-mill 
practice, have given the greatest satis- 
faction in service. For this reason, it 
seems likely that in the future the ordin- 
ary non-ferrous metal bearings previously 
used will be entirely displaced by  plas- 
tics. It is not surprising, therefore, that, 
in the new Demag 5.2 dia. four-high plate 
mill, plastic bearings have been incor- 
porated as a standard and permanent 
feature. 
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World’s 
Largest 


Rolling 
Mill 


Bearings for a new 
giant four-high plate 
mill are exclusively 
in plastics. Service 
tests have given 
admirable results 


Construction of the Mill 

The rolls of the mill are in a low-alloy 
steel of forging quality. Working rolls 
are 1,100 mm. in dia. and backing rolls 
1,600 mm. in dia., roll lengths being 
5,200 mm. and 5,300 mm. respectively. 
Motive power is supplied by a five-cylin- 
der reversing steam engine of 30,000 h.p. 

An electric tilter is provided on which 
may be turned plates up to 165 tons in 
weight, 7.8 metres in length, 5.2 metres 
wide and 0.6 metre thick. 

The complete mill is shown in Fig. 1. 
Plastic bearings are used in the assembly 
as follow :— 

(1) For upper and lower backing 
rolls (1,050 mm. dia. roll neck). 

(2) Working-roll bearings (770 mm. 
dia. roll neck). 
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Fig. 2.—Front view of the complete mill. Not only are the bearings for working and 
backing rolls of plastics, but skids on the roll-changing gear are also of plastics 
construction. 


(3) Bearings for countershaft in tilter 
(four bearings of 500 mm. dia., eight 
bearings of 300 mm. dia., and two 
bearings of 250 mm, dia.). 

(4) As slides in the roll changing 
equipment. 

(5) Bearings for’ worm wheels in 
screwdown. 
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(6) Guide bushes, sliding plates, etc., 

for minor purposes. 
In the description which follows special 
attention will be paid to items 1 to 4. 
These are referred to also in Figs. 2 and 3. 


Backing-roll Bearings 


It has. been shown that, in breaking 
down slabs between 15-165 tons in 
weight, the forces generated may safely 


Fig. 3.—Side view of the complete mill assembly. 
Both the tilt and roller-bed conveyor are provided 


with plastics bearings. 
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be taken up by plastic bearings and 
transmitted to the rollstand. The upper 
backing roll is not driven, whilst the 
lower backing roll is provided with a fric- 
tion drive in order that it may rotate even 
when the mill is idling. 

They are bored for the sake of lightness 
and are constructed in a 40-ton steel. 
The necks are 1,050 mm. dia. and 900 
mm. long. The plastic bearings are built 
directly into the housing, and, on the 
inner side of the stand, are constructed as 
loose bearings, whilst on the outer side of 
the stand they are fixed. The houses 
themselves are so constructed that they 
can adjust themselves to take up by 
deflection in the roll neck in order that 
any edge pressure on the bearings may be 
avoided. 

The bearings proper are in a cotton 
laminate, according to D.I.N. 7,703, 
whilst collars and flanges are in a cellu- 
lose-wool laminate. 

The bearings, which take rolling 
pressures estimated at 3,000 tons per 
bearing and, in addition, absorb stresses 
occasioned by the entry of slabs between 
the rolls, are in the form of 120-degree 
segments (Fig. 4). The individual seg- 
ments (amounting, in all, to seven per 
bearing) are mounted tightly between 
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Fig. 4 (left) —Undimensioned 
working sketch showing 
front and side views of the 
bearing systems for the work- 
ing and backing rolls. The 
bearings themselves are in a 
cotton laminate, shoulders 
for the bearings being in a 
cellulose-wool laminate. 


Fig. 5 (below).—_Close-up, 
end-on view of bearings for 
the upper backing roll and 
upper working roll. This 
view is taken from the inside 
of the frame looking out 
towards the wobbler end. 





collars in the housing. Individual seg- 
ments are preloaded by wedges and 
screws. In this way working life is pro- 
longed and resistance to wear increased. 
The bearings are lubricated with a suit- 
able grease under high pressure and 
amply cooled by means of water. Lubri- 
cant is forced by an electric pump 
through tubes, flexible Buna connections, 








i 


"238 42 


In 











MAY, 1943 


and distributors over the whole length of 
the roll neck. Jets supply cooling water 
at high pressure in order to dissipate fric- 
tional heat and that absorbed by radia- 
tion from the material being rolled. 

The suspended bearing has to take the 
load of the upper backing roll amounting 
to some 98 tons. This is also built up of 
separate plastic units to give a segment 
of about 60 degrees. Two bearings are 
provided in each suspended housing, a 
wide gap being placed between them. 
This is maintained full of cooling water 
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Fig. 7.—At the right. Close-up 
views of bearings forming part 
of the plate-tilting mechanism. 
These are illustrated diagram- 
matically in Fig. 6 above. 


in order to increase the efficacy of heat 
dissipation. 

In the case of the lower backing roll, 
a cooling box is provided for the same 
purpose, and this acts, simultaneously, as 
a shield to protect the lower backing roll 
neck against scale. 


Working-roll Bearings 

The working rolls are also bored and 
are forged from a 50-ton low-alloy steel. 
The roll necks are 770 mm. dia. and 850 
mm. long. The bearings of the upper 
working roll must sustain a load consist- 
ing, first, of the weight of the roll itself 
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(about 50 tons), together with pressure 
from the upper backing roll, also 50 tons, 
and, finally, any forces parallel to the 
direction of rolling which may arise dur- 
ing operation of the mill, and which, in 
unfavourable circumstances, may amount 
to as much as 10 per cent. of the total 
roll pressure (usually, however, these 
forces amount to a considerably smaller 
figure than this, but are extremely diffi- 
cult to calculate). 

The bearings of the working rolls are 
relieved entirely of the normal load occa- 


Fig. 6.—At the 
left. Sketch 
showing split 
bearing in 
cellulose -wool 
laminate in 
part of the 
plate-tilting 
mechanism. 





sioned during actual rolling. These bear- 
ings must be fully adjustable in order that 
they may be brought into. perfect axial 
alignment with the backing rolls even 
when the bearings themselves become 
worn. This is necessary in order. that 
oblique loading may be avoided. 

The bearings of the upper working roll 
have to sustain only the weight of their 
housings together with loads consequent 
upon forces parallel to the rolling direc- 
tion arising during operation. In general, 
the bearings of the lower working roll are 
required to perform the same duties as 
those of the upper working roll. 

E 





Bearing construction to meet these 
requirements is shown in Fig. 4. Here, 
again, bearings are preloaded by means 
of wedges and screws in order to increase 
wear resistance. To take up forces paral- 
lel to the roll axes, thrust bearings are 
provided on the outer side of the roll 
stand. The collars are built up of a num- 
ber of pieces and are chamfered on both 
sides in order to promote the formation of 
a film of lubricant. Gaps between the 
sections composing the collars are about 
70 mm. wide and water and grease can 
enter here. In this way, overheating of 
the thrust bearings is prevented. 

Fig. 5 gives an external view of the 
loose bearings of the upper working and 
backing rolls, and shows the housings and 
the liners. 


Roll Changing Equipment 

When changing rolls the lower backing 
roll, the two working rolls and their hous- 
ings and other attachments are removed 
simultaneously. This entails the hand- 
ling of a weight of some 300 tons. On 
practical grounds, wheeled mechanism 
was not adopted for the purpose, skids 
running on rails being employed instead. 
The rails are provided with racks with 
which the driven wheels of the changing 
mechanism mesh. 

The sliding surfaces of the skids are 
furnished with a number of plates 3 in. 
thick in a plastic to D.I.N. 7703. Specific 
loading of these surfaces amounts to 
about 700 Ib./sq. in. and sliding speed 
about 19 ft./min. 

The sliding surfaces lying inside the 
roll stand cannot be entirely protected 
against the effect of scale, water and con- 
densation. The front end of the skids, 
therefore, are provided with movable, 
acutely chamfered cast-iron plates for 
the purpose of cleaning the rails. In 
addition, hand pumps are provided for 
greasing. 

It should be noted, incidentally, that 
plastics of the type used tend to polish 
metal surfaces running in contact with 
them. In this respect they are superior 
to ordinary bearing metals. Moreover, 
under the operating conditions described 
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and in the presence of a somewhat 
unsatisfactory lubricant, viz., water and 
grease, their sliding properties are superior 
to those of metal. 

The tilting equipment is operated by an 
electric motor and a gearbox with several 
countershafts and racks situated below 
the live-roller bed. The pinion bearings 
must withstand a load made up of the 
weight of the material being rolled, tilt- 
ing tables, racks and guides, as well as 
tooth pressure arising during operation. 
Peak loading amounts to about 303 tons, 
and this has to be carried by two bearings 
500 mm. dia. and 440 mm. long (Figs. 6 
and 7). The speed is 1.42 r.p.m., thus 
giving a sliding speed at the periphery of 
the shaft of 6.5 ft./min. and a specific 
pressure of 960 lb./sq. in. For each tilt- 
ing operation the shafts rotate 11 times 
forward and in reverse. Tilting of the 
slabs is usually carried out only once 
during rolling. 

The bearings referred to are in plastics 
which assist considerably in damping the 
shock and vibration occurring during tilt- 
ing. In operation, the surface of the 
shafts becomes highly polished, and 
hence the formation of a lubricant film 
is more favoured than in cases where 
metal bearings are used. No seizing can 
occur between bearing and shaft. 

The plastic used is a cellulose-wool 
laminate, the bearing being built up of 
five segments in order to attain optimum 
fibre position and to save material. Seg- 
ments are assembled by means of screws 
and circular pressure plates. Ample side 
clearance is provided. It is interesting to 
note that the design is such that various 
bearing materials may be fitted for 
experimental purposes. For example, 
sintered iron bearings. Lubrication is by 
means of a hand pump. 

The second countershaft is 300 mm. 
dia. and 390 mm. long. This also runs 
in plastic bearings. Sliding speed is 


22 ft./min. and peak specific pressure 
390 Ib. /sq. in. 

No excessive wear was found, lubrication 
was satisfactory and no hot running was 
reported. For a fuller account of this mill 
see Arens, ‘‘ Kunststoffe,’’ 1942/32/237. 
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7 YE colourful displays of orchard fruits which 

were such an attraction of pre-war days 
have temporarily given way to those of drab but 
more sustaining foods. In the Plastics industry 
however, moulders and manufacturers still have 
a wide choice of all types of materials required 
for essential work. The range of I.C.I. (Plastics) 
Ltd. includes “‘ Mouldrite” phenol formaldehyde 
type and urea formaldehyde type powders, re- 
sins and syrups ; “Perspex” acrylic resin sheets ; 
“Diakon” acrylic resin moulding powder ; 
**Welvic ” polyvinyl chloride compounds, nylon 
monofils, etc., etc. 





I.C.1. (PLASTICS) LTD. 


(A SUBSIDIARY COMPANY OF IMPERIAL CHEMICAL INDUSTRIES LTD.) 


Sales Offices at Mill Hill, London, N.W.7; Oldbury, near Birmingham ; Alderley Edge, Cheshire ; Bristol ; York; 


Newcastle-on-Tyne; Glasgow; Belfast; Dublin. 
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The well-known CELLON range of products has been 
built up largely by the rapidity with which the CELLON 
technicians appreciate the importance of new innovations 

and new industries. [ 
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The scope of Plastics in 
Automobile Engineering 


E peenons the two years immediately 
preceding the outbreak of hostilities, 
the automobile industry was beginning to 
become aware of the possibilities offered 
by plastics, and many of the larger firms 
had begun tentative experiments. In 
the main these experiments were confined 
to body fittings and small unstressed 
components. This was natural because, 
generally speaking, the automobile engi- 
neer knew very little about the subject of 
plastics and had to prdceed very 
cautiously. 

The war, however, has engendered a 
great deal of intensive research work on 
plastics owing to their potential use in the 
construction of aircraft, and there is now 
available a wealth of data regarding the 
physical properties of these materials and 
their behaviour under alternating stresses. 
In addition to the laboratory work much 
valuable information has been gained 
from aircraft parts operating under service 
conditions. New materials have emerged 
and new and improved manufacturing 
techniques have been pérfected. 

When hostilities cease, therefore, and 
the industry is able to turn from war 
production to its normal peace-time 
activities, automobile engineers will have 
access to a great deal of relevant data 
concerning the use and behaviour of 
plastics and they will be able to con- 
template the use of these materials with 
a confidence which they have never 
before been able to feel. 

It is well realized that in the post-war 
period the manufacture of motorcars will 
be, more than ever before, governed by 
the economics of production, and that it 


By D. Warburton Brown, 
A.M.LA.E., F.LP.L. 


will be this factor alone which will deter- 
mine the materials and manufacturing 
methods which will be adopted. This 
article, however, will not be concerned 
with the economics of the business, but 
will give an indication of the scope which 
will exist for the use of plastics applied 
to automobile construction so_ that 
designers can consider their use. together 
with other materials. 
The question can be considered under 
the three main headings :— 
(a) engine unit, 
(b) chassis units, and 
(c) body and fitments. 
And the application of plastics to these 
units will now be dealt with separately. 


_ (A) The Engine Unit 

Those components on the engine unit 
will be called upon to withstand com- 
paratively high temperatures as well as 
the normal vibrating loads, and because 
of this only those plastics in the thermo- 
setting group can be considered; there is 
one exception to this, but this will be 
dealt with later. In general, therefore, 
the materials which may be considered 
for engine components are (a) phenol 
formaldehyde, (b) phenol furfural, (c) 
urea formaldehyde. 

In this connection it should be noted 
that these materials are available in 
various forms which include moulding 
powders, paper and fabric base laminates 
and extruded sections, all of which have 
their own applications. 

A list of engine components which are 
suitable for consideration in plastics is 
given in Table 1. Some items are, of 
course, already manufactured. 
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Table 1. 





Water-pump impeller 
Water-pump cover 
Carburetters 

H.T leads 

H,T. conduit 
Camshaft bearings 


Cylinder-head cover 
Tappet cover 
Oil-filler tube and cap 
Oil-pump body 
Oil-pump gears 
Distributor cap 


Rotor arm Main bearings 

Pulleys Connecting-rod bearings 
Timing wheels Cover plates 

Fans Commutators 





Cylinder Head Cover 

This component can conveniently be 
produced as a phenolic moulding or as a 
laminated moulding. A point to be 
borne in mind in connection with the use 
of plastics for this part is that all the 
plastic materials provide very good 
sound insulation. 

Cylinder-head covers have been pro- 
duced for one well-known firm of motor- 
car manufacturer, but it is not known 
whether this moulded component passed 
to the production stage. Provided the 
general shape of the component is 
straightforward the author is of the 
opinion that a full fabric base laminated 
phenolic moulding would give the most 
satisfactory results and would withstand 
the effects of temperature and hot oil 
satisfactorily and would be light. 


Tappet Covers 
Because of their straightforward form 
tappet covers make an excellent subject 


Idler gear 


ai 


Body 


Driving gear 





Cover 
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for moulding, and in this connection a 
laminated moulding in a coarse fabric 
phenolic material would be ideal. The 
remarks regarding sound insulation pro 
perties which were made in the section 
dealing with cylinder covers apply 
equally well in the case of tappet covers. 

The use of a straight powder moulding 
in a semi-shock-resisting material has one 
advantage over a laminated moulding, 
namely, all the securing holes can be 
produced in the moulding operation and 
the camponent will need only hand 
finishing. 

Oil Filler Tube and Cap 

Oil filler tubes can satisfactorily be 
considered in extruded phenol-formalde- 
hyde material or, alternatively, in 
laminated tube. The former tends to 
be rather brittle, but if suitably supported 
there is no reason why any trouble should 
be encountered. 

Oil filler caps should be produced as 
phenolic mouldings, any screw threads 
or fixing devices (such, for example, as a 
bayonet-type fixing) being moulded in. 
In some cases, however, it may prove to 
be an advantage to use a metal insert for 
the threaded portion. 

Oil Pump 

The oil pump offers several possible 

applications, and just prior to the war 


Thrust plate 
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Fig. 1.—Experi- 
mental oil pump 
made up with 
plastic mould 
body, etc. 
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the author carried out a number of tests 
to determine the suitability of plastics for 
this unit. For the purposes of the test 
an oil pump was made up having a 
moulded bakelite body and cover and one 
gear (the idler) machined from a fine 
fabric base laminate. 

This experimental pump (Fig. 1) was 
at first run with two steel gears and com- 
pleted satisfactorily a total of 450 hours 
running under the following test con- 
ditions :— 

Pump speed = 2,000 r.p.m. 
Pressure (running) = 25 Ib./sq. in. 
Oil temperature = 75 degrees C. 

At the end of this period the pump 
body was found to be in excellent condi- 
tion and was rebuilt, after inspection, 
incorporating an idler gear made from 
laminated material, and a further 200 
hours’ testing was carried out under the 
same conditions. At the conclusion of 
the test it was found that apart from a 
slight swelling the gear was in good con- 
dition and that the “ scruffing ’’ of the 
walls of the moulded body was no worse 
than that normally found using an 
aluminium casing with steel gears. It 
was subsequently found that the swelling 
of the gear could be overcome by subject- 
ing the material to a stabilizing process 
before final machining. 

The conclusion arrived at as a result of 
these tests was that a pump designed on 
these lines would show advantages in 
respect to cost, quiet operation and 
weight, and would be reliable in service. 


Distributor Cap and Rotor Arm 

These items are now produced from a 
high dielectric grade of moulding powder 
as standard practice so that no further 
comment is needed. Another small but 
important application of plastics in the 
distributor is the rubbing pad on the 
contact breaker arm. This is now always 
made from .a fabric base phenolic 
laminate. 
Pulleys and Timing Wheels 

Pulleys for fan belt drives can be satis- 
factorily produced from laminated 
phenolic materials having a medium or 
coarse fabric base. Pulleys made from 
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Fig. 2.—Pulleys in laminated material. 


these materials are now extensively used 
in the construction of aircraft and typical 
examples are shown in Fig. 2. 

In search of quiet gear drives auto- 
mobile designers specified rawhide gears 
for the timing train on engines. Later 
rawhide was replaced by - fine fabric 
laminated phenolic plastics and now it is 
standard practice to use gears of this 
type. Chain wheeis are also made from 
these materials and a typical example is 
shown in Fig. 3. 

Water Pumps 

The impeller for water pumps is a suit- 
able subject for moulding, and in America 
before the war impellers had been pro- 
duced as phenolic mouldings with the 
spindle integral with the impeller. These 
impellers which were made from a water 
resistant grade of moulding material have 
proved to be very successful in service, 
being particularly free from corrosive 
attack which is sometimes encountered 
when using metal impellers. 

Apart from the impeller the cover plate 
of the pump might well be considered as 
a powder moulding. * 
Carburetter Parts 

The carburetter offers several possible 
fields of application for plastics. The 
main body of this component is probably 
too complicated owing to the large num- 
ber of internal passages, but the float 
chamber, float chamber cover, choke 
tube, and, in the case of the S.V. type of 
carburetter, the piston and cylinder, are 
all worthy of consideration. Another 
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Fig. 3.—Automobile 
timing wheel of 
laminated phenolic. 


possible component on this 
unit is the cover for the air 
intake. 


H.T. Leads and Conduits 

Earlier in this article it 
was stated that there was 
One exception to the general 
statement that only thermo- 
setting plastics can be con- 
sidered for engine parts, and 
that exception is the use of a 
thermoplastic of the poly- 
vinyl chloride for H.T. cables. 
Electrical cables having 
a covering of this type of plastic extruded 
round the wire have several advantages 
to offer over the normal rubber-covered 
H.T. leads. These advantages include 
very high abrasion resistance, immunity 
from attack by oils and petrol, as well as 
enhanced electrical insulation. 


SPARKING PLUCS 


CONNECTOR 
MOULDED-IN 


PLUGS AND SOCKETS 


PLUG 


' SHORT LEADS TO DISTRIBUTOR 


Conduits for H.T. leads can _ be 
moulded if a special shape of conduit is 
required, or, if the engine layout permits 
the use of a straight tube, an extruded 
phenolic section can be employed quite 
satisfactorily. In order to keep the length 
of leads down to a minimum, thus reduc- 
ing the risk of cable faults, 
an arrangement similar to 
that shown in Fig. 4 could 
be employed. 


Bearings 
The use of plastics for auto- 
mobile engines has been the 


subject of a considerable 
amount of research. work. 


Fig. 4.—Suggested H.T. con- 
duit unit. 
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Very little success, however, was achieved 
by the earlier investigators. It was found 
that although plastic bearings could be 
used with success in roll mills, where the 
loads were high but the rotational ‘speed 
low, they could not be employed where 
the shaft speed was high. This was 
because the high rubbing speed gener- 
ated considerable frictional heat, and the 
extremely poor heat conductivity of the 
plastic did not allow it to become dis- 
sipated quickly. 

Comparatively recently, however, a 
new type of high-duty plastic bearing was 
evolved by Continental investigators, and 
tests both on a laboratory bearing-testing 
machine, on aeroplane engines, and on 
cars have shown that the new type of 
bearing is very successful. 

Briefly this type of bearing, which is 
capable of carrying loads of the order 
usually associated with crankshaft bear- 
ings, and which is free from the difficul- 
ties of thermal stressing, is made by 
winding several thin strips of resin 
impregnated fabric tape round the bear- 
ing journal, pressing to shape, firmly 
cementing to the metal foundation and 
subsequently hardening. 

On a laboratory testing machine it was 
found that these ‘‘ wrapped journal’’ 
bearings were capable of withstanding 
continuous loads of + 3,500 lb. per sq. 
in., as compared with + 2,100 lb. per 
sq. in. for plain cylindrical plastic bear- 
ings. The load capacity of the wrapped 

‘journal bearings could be raised to + 
4,250 lb, per sq. in. for short periods. 
In all the above tests the rubbing speed 
was 2,400 ft. per minute, and normal 
lubrication was employed. 

Bearings of this type were fitted to a 
6/30 h.p. Wanderer car for the purpose 
of road testing and after some 1,250 
miles’ running-in, the car was run at high 
speeds for 7,500 miles before the engine 
was stripped for inspection. At the end 
of the test the bearings and housings were 
found to be in perfect condition, the wear 
on the bearings being only .001. in. 

These details have been given to indi- 
cate the possibilities offered by plastic 
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materials as applied to main journal and 
connecting-rod -bearings. A similar type 
could also be used for supporting the 
camshaft. 


Covers 

Moulded phenolic materials can be 
used for producing blanking covers of all 
types. Either powder or fabric base 
laminates will be satisfactory. 


Commutators 

Dynamo and _ starter motor com- 
mutators can be produced cheaply as 
moulded units instead of being built up 
from numerous components. Patents 
have recently been taken out jointly by 
a well-known plastics and electrical con- 
cern describing the method of moulding 
commutators in a fabric-base laminated 
phenolic material. Great quantities of 
such commutators have already been 
made and are giving satisfactory service. 


(B) Chassis Units 


In general the remarks concerning 
suitable types of plastics for engine com- 
ponents apply equally well to parts fitted 
to the various chassis units. Here, again, 
however, it is possible to use with advan- 
tage polyvinyl-chloride-covered cable. 

Typical components are shown in 


-Table 2 and each will be briefly examined 


in the following section of this article :— 


,, Table 2. 





Synchro-cones. 

Covers. 

Cross-shaft bushes. 

Pedal pads. 

Cable conduits. 

Brake cylinders and 
pistons. 

Clutch thrust pads. 


Front-axle thrust washers. 
Front-axle swivel-pin bushes. 
Spring interleaves. 
Steering-linkage bushes. 
Fuse and relay boxes. 
Cable-junction boxes. 
Battery boxes. 

Gearbox thrust washers. 





Thrust .Washers 

The ultimate compressive strength of 
the fabric base laminates ranges from 
30,000 to 47,000 lb. per sq. in., which 
makes these materials suitable for use as 
thrust washers of all types. Lubrication 
is not essential, but it is desirable, even 
if the plastic material is impregnated with 
graphite, as it increases the life of the 
washer. 

The author carried out a number of 
tests using laminated plastics for front 
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axle thrust washers on a car, and it was 
found that after many thousands of miles 
road testing these washers were function- 
ing satisfactorily. In earlier tests trouble 
was encountered owing to a slight swell- 
ing of the plastic resulting in the steering 
becoming stiff. This difficulty was over- 
come, however, by subjecting the washers 
to a stabilizing treatment prior to fitting 
to the steering assembly. (See Fig. 5.) 

The stabilizing treatment referred to 
above consisted of soaking the component 


panes 


Fig. 5.— 
Front axle 
thrust 
washer in 
laminated 
phenolics. 





ft 


in oil at 90 to 100 degrees C. for a period 
of 100 hrs. 
Steering Bearings 

Front axle swivel pin bearings made 
from laminated plastics were fitted to 
several cars of Continental origin just 
before the outbreak of war, but so far 
as is known none of the British manu- 
facturers had fitted them. No details are 
known as to the behaviour of these 
synthetic resin bushes, but as they were 
fitted to production models it is probable 
that they had undergone thorough test- 
ing and had been found to give service 
at least comparable with the more normal 
metal bushes. 

Drag link and track rod spherical bear- 
ings machined from laminated materials 
were tested by the author, and apart 
from early troubles due to swelling these 
behaved satisfactorily. In this connec- 
tion it is interesting to note that Auto- 
motive Products, Ltd., have taken out a 
patent covering the use of moulded 
plastics for this purpose. The arrange- 
ment of this type of joint is shown in 
Fig. 6. 

Spring Interleaves 
A number of tests were conducted using 


MAY, 1943 


thin sheets of graphite-impregnated 
fabric-base laminated material for spring 
interleaves and the low coefficient of 
friction of these plastics made them 
admirably suited for this purpose. 
Relay Boxes, Etc. 

It is now standard practice to use a 
moulded phenolic material for producing 
the various ancillary electrical equipment 
such as relay boxes, fuse boxes and 
cable junction boxes. 

Battery boxes are in the main made 
from one or other of the bitumen base 
cold moulding compounds with the lids 
moulded in a general-purpose phenolic 
material. 

Gearbox 

In the gearbox the application of 
plastics is limited, but such items as 
thrust washers (already described in 
section dealing with front axle parts) 
and cover plates do afford possible com- 
ponents for consideration. In constant- 
mesh gearboxes another part worthy of 
thought is the syrichro-cone, which in 
normal circumstances is made from one 
of the bronzes. Experience has shown 
that supercharger cone drives on aero- 
engines behave quite satisfactorily. 
Bushes 

Cross-shaft bushes in graphite impreg- 
nated laminated plastics could be used 
satisfactorily, the self-lubricating prop- 
erties of these materials being an advan- 
tage. In this connection it is interesting 
to note that one firm of aircraft engineers 
has patented a self-aligning bearing for 








Bakelite Pad 


Fig. 6.—Details of steering joint using 
plastic bearings. (B.P. No. 493472, 
Automotive Products, Ltd.) 
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Fig. 7.—Self-aligning plastic bearing. 


use in the control layout. This bearing 
which is shown diagrammaitically in Fig. 7 
consists of a steel sleeve and steel outer 
race with a bush of graphited moulding 
material of the phenolic moulded “‘ in 
situ.”’ 


Cable Conduits, Etc. 


The newer techniques of extruding 
polyvinyl-chloride covering over electri- 
cal cables offer interesting possibilities in 
the field of electrical wiring of motorcars. 
It is now possible to obtain extruded 
sections containing several cables (see 
Fig. 8), and it is felt that the judicious 
use of such cables in conjunction with 
moulded junction boxes would do a great 
deal to simplify the electrical layout on 
cars. In this manner, by virtue of 
sectionalizing the layout, the problem of 
fault location and cable replacement 
would be rendered more simple than in 
the case of the complicated ‘‘ harness ”’ 
system which is at present used. 

The excellent abrasion resistance of the 
extruded polyvinyl-chloride covering 
would provide adequate protection 
against flying road chips, etc. 


Brake Cylinder, Etc. 


In hydraulic brake systems the wheel 
cylinders and pistons can be considered 
in a shock-resisting grade of phenolic 
moulding material as can the piston in the 
master cylinder. A further possible appli- 
cation of plastics to the braking system is 
the use of moulded polyvinyl-chloride 
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seals and gaiters to replace parts now 
made from rubber. 


Clutch Thrust Pads 


Experiments have been conducted to 
determine the suitability of fabric base 
laminated phenolic plastics for use as 
clutch thrust blocks instead of the more 
normal graphite block. So far as the 
author is aware this application has given 
satisfactory results over many thousand 
miles’ road testing. 


(C) Body and Body Fittings. 

In the immediate pre-war period the 
use of plastics by the automobile industry 
for production purposes was largely con- 
fined to the body fitments. The high 
finish and large colour range of the syn- 
thetic resin materials made them very 
suitable for decorative mouldings, ash-~ 
trays, etc. 

It is not proposed to deal at any length 
with such applications, but Table 3 will 
indicate some typical body parts which 
were to be found on production models 
before the war. 





Table 3. 


Steering wheel covering 
Gear shift knobs 


Dashboards 
Window frames 


Decorative motifs Control knobs 


Interior lamps Trafficators 
Ashtrays Switches 
Door handles Tail lamps 


Heater grilles 





The question of producing the complete 
body from plastics received a good deal 
of thought, but in this country little real 
progress was made in this direction. In 
America, however, Ford followed the 
problem to the practical test stage and 
produced a number of experimental cars 
with completely moulded bodies. There 
has been a good deal of speculation as to 


©0) (») CS) 


CABLE EXTRUDED COVER 


Fig. 8.—Typical cables with extruded 
‘ polyvinyl-chloride covering. 
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whether a body of this type will ever 
prove to be a serious competitor of the 
all-steel unit. 

The subject of moulded body construc- 
tion was dealt with more fully by the 
author in a previous article (‘‘ Plastics ’’ 
—January, 1943) and it is felt that 
whereas Ford may be able to produce a 
moulded body on a commercial basis in 
America by virtue of the large markets 
catered for, it is very doubtful whether 
a plastic body could be made economi- 
cally in this country. The use of moulded 
plywood, however, appears to offer 
certain possibilities. 

There has been from time to time 
speculation as to whether the transparent 
methyl] methacrylate plastics can ever be 
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used for windscreens and windows. At 
present these plastics do not possess a 
sufficiently hard surface to resist the 
abrasion of road grit (especially under 
the action of a windscreen wiper). 
Recently, however, a patent was taken 
out in America for protecting the surfaces 
of plastic lenses by means of a very thin 
film of glass applied to the plastic sur- 
faces, and it may be that suitably 
developed this process could be used for 
producing windscreens, etc. Plastics of 
the cellulose acetate and vinyl types are 
of course used largely in the manufacture 
of safety glass. 

It is also possible that the hard wearing 
properties of nylon will be utilized for 
upholstery in post-war cars. 








SUBSTITUTE MATERIALS 
(Continued from p, 188) 

of saving aluminium, have become even 
scarcer than the metal they have replaced. 

It may be regarded as certain that this 
grqup of industries will be greatly 
extended after the war, and this may have 
important results in determining the 
location of industry. As the production 
of plastics, a highly-developed branch of 
chemical industry, is not dependent on 
access*to ores or special minerals, but 
may be carried on wherever power is 
available and either coal, petroleum or 
alcohol can be got, the provision of labour 
is the main determining condition, always 
supposing that adequate technical guid- 
ance is to be had, as the processes of 
inanufacture and manipulation call for a 
high degree of scientific knowledge and 
skill. The plant is often complex, and 
makes new demands on the engineering 
industry. In comparision with metals, 
plastics are relatively costly, and have to 
justify their adoption by their superior 
properties and by the convenience of 
shaping into finished objects without 


machining. 
He completes his review with the 
following remarks:—‘‘ Attention has 


recently been called to the rapidly increas- 
ing rate at which the ores of several of 


the metals essential to modern engineer- 
ing, and such minerals as phosphates, so 
important to agriculture, are being 
exhausted. There is a wide field open 
for improvements in the economical use 
of these shrinking assets, by their recovery 
and re-use, and by the substitution of less 
extravagant alloys, etc. New techniques 
will have to be developed to meet these 
difficulties. 

“‘In consuming mineral wealth the 
world is living on its capital, which once 
exhausted is not renewed, whilst products 
derived from agriculture and forestry may 
be regarded as coming out of income. A 
greater dependence on such renewable 
natural resources, made possible by 
advances in plant and animal breeding, in 
the use of micro-organisms for producing 
organic compounds, and in the conversion 
of such products into plastics, synthetic 
fuels, novel fibres, etc., may play an 
important part in the economy of the 
future. Vast areas of cultivable land are 
at present very imperfectly utilized, and 
developments of this kind provide the 
possibility of raising the standard of 
living of their inhabitants, and at the 
same time of augmenting the resources of 
the older industrial countries.’’—(Pub- 
lished by The Oxford University Press, 
price 9d.) 
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World’s Industry 
Employs Plastics 


| Re RAE 
GENERAL ENGINEERING 


Protection of zinc 
is dealt with by 
Weise in “Techn. 
Zbl. prakt. Metall- 
bearbeitung,”’ vol. 51, 
p. 583. Pure cellulose- 
base lacquers are 
unsatisfactory as sub- 
stitutes for oil-base 
paints; chlorinated rubbers give good 
results, but phenolic-resin base paints and 
vinyl resins appear to constitute the best 
all-round media. Impregnation of cast- 
ings with synthetic resins forms the sub- 
ject of an address by Rehbock before a 
V.D.I. meeting, and later summarized in 
‘“‘ Kunststoffe,’’ 1941/32/128. Polyvinyl 
chloride and polystyrene are considered 
the most satisfactory media for use in this 
connection. The techniques of solution- 
impregnation and molten-resin impregna- 
tion are noted; the use of monomeric 
styrene being examined in the light of 
the latter system, equipment for curing 
being described. The problem of shrink- 
age of the resin in the pores is noted, 
together with the fire and health hazards 
associated with styrene. Design and 
lubrication of plastic bearings form the 
subject of comment by Matuschek in 
‘“‘Férdertechn,’’ vol. 32, pp. 261 and 
385. It is observed that plastic bearing 
surfaces carrying loads should not be 
slotted for lubricating, in the case of 
highly stressed bearings in rolling mills. 
Loads should be applied as slowly as 
possible. For high-speed, lightly stressed 
bearings, ring-oiling is most suitable. 
Intermittently loaded, slow-rurinifg, 
heavy-duty bearings are best lubricated 
with Stauffers grease, viscosity being 





higher where prolonged runs are to be’ 


expected. The author concludes by dis- 





cussing the design and manufacture of 
piastic gearwheels,. noting especially the 
peculiar mechanical properties of the 
materials in relationship to this special 
application. 


AIRCRAFT 


Application of radio- 
frequency heating to 
speed industrial pro- 
cesses, and at the 

“same time increase 
their efficiency _is 
rapidly coming to 
the fore. Known as 
“‘thermal radio,’’ it 

can be used for processing a laminated 
aeroplane propeller in a few minutes, 
cementing rubber, hardening metals, cur- 
ing wood, “‘stitching’’ cloth, gluing ply- 
wood and performing countless other 
operations. Pliofilm bags provide her- 
metically sealed ertclosures for shipment 
of aircraft engines. Bags are heat sealed 
mechanically to give a moisture-proof 
container until the engine is finally 
installed.—(‘‘ Machine Design,’’ March, 

1943.) Influence of low and high tem- 

peratures on commoner types of plastics 
is dealt with by Delmonte in ‘‘ Machine 

Design for March, 1943, vol. 15, p. 87. 

The effect of temperature is discussed in 

detail with respect to the following pro- 
perties: tensile strength, punch strength, 
impact strength, elastic modulus, deflec- 
tion and creep. As typical application of 
plastics to which this data might refer 
are quoted plastic baffles between cylin- 











- ders of radial engines, and an aerial-mast 


base. Laminated paper plastics, pro- 
duced from a special wood pulp and 
phenolic resins, are used in a new aircraft 
construction, developed by McDonnell 
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Aircraft Corp. in collaboration with 
Forest Products Laboratory. As a special 
advantage, it is claimed that the number 
of components can be so reduced that, in 
a special case, only 13 parts are used as 
compared with 96 when fabricated of 
aluminium. Wing tip ribs can be formed 
from impregnated paper blanks in one 
operation, as contrasted with 19 for ply- 
wood ribs of this type. Other advan- 
tages are: smooth surface (obviating 
finishing and coating), greater resistance 
to abrasion and denting than aluminium 
(?), adaptability to double curvature 
forms without special treatment, etc.— 
(‘‘ Machine Design,’’ March, 1943, p. 87.) 


TEXTILES 


Impregnation of 
textile fabrics with 
actylic resins is dis- 
cussed at length by 
Lachmann in 
‘* Chemiker Zig,”’ 
1942/66/3; 24. The 
author considers first 
the purpose of such 
processing, then examines in detail vari- 
ous commonly used media, including the 
rubbers, lacquers of different types, dry- 
ing oils and nitrocellulose. Synthetic- 
resin-base compounds are also touched 
upon. The particular merits of water dis- 
persions of the acrylic resins are then 
reviewed, with special attention to the 
facility with which impregnation may be 
carried out, and to the economics of the 
process. The physical properties of 
treated fabrics are then examined. 











LECTRICAL 


Electrical strength 
of commercial resin- 
impregnated _ papers 
and fabric laminates 
forms the subject of a 
detailed report by 
Pfestorf in ‘‘ Kunst- 
stoff Techn,’’ vol. 11, 
p. 252. In particular 
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the author presents graphical and tabula 
summaries of his findings, and values 
parallel to and at right-angles to direc- 
tion of lamination are noted. Coverings 


for marine cables form subject matter. 


of abstract in ‘‘Gummi-Zeitung,’’ vol. 
54, p. 254. The disadvantages of ordinary 
thermoplastic resins are briefly con- 
sidered, especially as regards their pro- 
longed softening range. The use of vul- 
canized Buna and-allied mixes is then 
commented upon. Requirements of 
undersea cables are summarized and 
shortcomings of synthetics as opposed to 
natural rubber noted. 





CHEMICAL 


Leather-like fabrics, 
impregnated with 
thiokol latex in vacuo, 
are stated by Weiler, 
in a dissertation be- 
fore the Techn.- 
Hochsch at _ Karls- 
ruhe, to be suitable 
as membranes in gas- 
measuring apparatus for laboratory and 
industrial use. The porosity of the fabric 
base influences the accuracy obtainable 
with any given membrane material, but 
results can always be assured within 
desired limits. Unlike other impregnat- 
ing resins, only thiokol appears to offer 
prolonged resistance to the continued 
action of town’s gas. (See ‘‘ Kunststoffe,’’ 
1942 / 32/196.) 















Nomenclature and 
marking for improved 
timbers according to 
D.I.N.4076 are sum- 
marized in ‘‘ Kunsts- 
toffe,’’ 1942/32/129. 
The abstract includes 
also a grading system 
for glues and mineral 
adhesives applicable to woodworking 
techniques. Rubber derivatives con- 
sidered as plastics are discussed by 
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Houwink in ‘‘ Kunstoff-Techn.,’’ vol. 11, 
p? 189. The derivatives are classified 
under the following headings:—Oxidation 
products; chlorinated rubber; rubber 
hydrochloride; rubber isomers. The pro- 
perties and uses of each of these 
groups are then examined in_ the 
light of various industrial requirements, 
brief details being given of the manu- 
facture of the specific materials. In 
conclusion, the author deals with rubber 
products obtained by treatment of the 
natural rubber with zinc chloride, boron 
fluoride, etc.; pliofilm and pliolite are 
referred to. It is observed that, so far, 
no industrial use has been found for the 
bromine and iodine derivatives of rubber. 
Large, rotary fruit-juice extractors, pro- 
ducing 200 gallons of citrus juice per 
hour, have been equipped with self- 
lubricating bearings of Lucite methyl 
methacrylate resin. After trials with other 
substitute bearing -materials to replace 
bronze bearings, it was found that these 
bearings were lubricated by contact with 
citrus juices and steam, both of which 
adversely influenced the life of bronze 
bearings. The Lucite material is said to 
be equally resistant to orange, grape-fruit 
and lemon juices. To increase production 
of nylon, nylon salvage is depolymerized 
into the original two starting chemicals— 
adipic acid and hexa methylenediamine. 
To achieve this, scrap nylon is boiled in 
strong hydrolizing agents. After one 
hour’s boiling, the original product has 
completely disappeared and the vessel 
contains only a dark bronze solution. A 
precipitate- forms on cooling; filtering 
through glass wool separates this, which 
contains the adipic acid, from the filtrate 
containing the diamine. Each of the two 
components is now _ purified (see 
“Scientific American,’’ for March, 1943). 
A new plastic glass, C.R.39, has been 
developed by the Columbia Chemical 
Division of the Pittsburgh Plate Glass Co. 
(according to ‘‘ Scientific American,”’ 
March, 1943, p. 124). It is claimed that it 
is insoluble in acetone, benzene, toluene, 
alcohol, gasoline, or any common sol- 
vents, Its resistance to abrasion is stated 
to be 10 to 30 times greater than other 
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clear plastics. In its primary form C.R.39 
is a clear. low-viscosity liquid, which, in 
the presence of a catalyst and heat, 
hardens into a_ crystal-clear solid. 
Finger-plates and allied fittings for office 
use are prepared by impregnating 
paper board with transparent urea 
resins and curing under pressure. By 
this process, sheets up to 3 ft. by 
5 ft. may be manufactured, according to 
Wirth in ‘‘B.B.C. Nachr,”’ vol. 28, p. 55. 
Edge effect is one of the most troublesome 
sources of error in interpreting photo- 
elastic patterns, hence, Walter Leaf, 
research technician of The Denver and 
Rio Grande Western: Railroad Co., dis- 
cussed this aspect in a research paper 
read before the recent Eastern Photo- 
elasticity Conference (‘‘ Machine Design,’’ 
vol. 15, March, 1943, p. 109). He pre- 
sents now, apparently for the first time, 
accurate data on the effects of atmosphere, 
material, and age of model, so that it is 
possible to evaluate the edge effect and to 
obtain more precise results. The investi- 
gation was carried out with Bakelite 
and Catalin. New soil tester has been 
developed, especially for use of Army 
engineers. The soil sample is enclosed in 
a thin rubber membrane, whilst the pres- 
sure chamber consists of a transparent 
plastic cylinder. This houses the sample, 
the pressure medium (water and nitrogen 
or water alone) and the proving ring 
assembly. Specially moulded rubber 
gaskets at top and bottom ensure water 
tightness.—(‘‘ Machine Design,’’ vol. 15, 
March, 1943, p. 94). Protection of rayon 
or rayon-containing materials against 
depredations of an insect pest, the silver 
fish, is described by Mantell and May in 
‘‘Modern Piastics,’’ for February, 
1943 (p. 51). The authors conclude from 
their work that the insects are attracted 
principally by the finish; if this be absent, 
then the material becomes unattractive to 
them. By replacing starch finishes by 
urea formaldehyde finishes, any danger of 
attack is obviated, whilst, at the same 
time, the sales-appeal of the fabric is 
maintained, in so far as its non-creasing 
qualities are preserved. 
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Ultracentrifuge 
with Plastic Rotor 


The following note by K. G. Stern 
has been published in “Science” 
(Vol. 95, 1942). Its main interest 
lies in the fact that the methyl 
methacrylate resin Lucite not only 
replaces metal but that it withstands 
the forces exerted on it under very 
high speeds 


HE ultracentrifuge constructions pre- 

sently in use are based either on the 
principle of the oil-turbine velocity centri- 
fuge, equipped with mechanical bearings 
and a vertical steel rotor, or on the prin- 
ciple of the bearing-less ‘‘ spinning top,’’ 
which represents an air turbine floating 
on a cushion of compressed air. The 
analytical centrifuges of McBain and the 
concentration and optical centrifuges of 
Beams,. Wyckoff and Pickels and Bauer 
are derived from the latter type. The 
most frequently employed rotor material 
in these constructions is duralumin. 

During a recent visit to the Svedberg 
centrifuge laboratory of Professor J. W. 
Williams at the University of Wiscon- 
sin, it occurred to the writer that the use 
of materials of very low density for the 
construction of ultracentrifuge rotors 
might result in a considerable simplifica- 
tion of centrifuge design and obviate the 
necessity of employing expensive steel 
and aluminium alloys which are now dif- 
ficult to procure on account of the 
National war effort. The first trials were 
made in Madison with 0.5-in. thick discs 
of polystyrene and of polyacrylic, trans- 
parent resins of 1.5 and ins. dia. 
respectively. With the mechanical 
assistance of Messrs. E. Hanson and L. 
Henke these discs were transformed into 
simple air-turbines. Employing a 2-in. 
Lucite disc, tank nitrogen as propellant 
and a primitive optical set-up with a 
spectacle lens as objective, the sedimenta- 


tion of aggregated earthworm hemoglobin 
within the cylindrical fluid cell was 
photographed with the help of Mr. 
Ch. Vilbrandt. Since the Lucite turbine 
showed no signs of irreversible deforma- 
tion, even when spun for 10 mins. at 
approximately 40,000 r.p.m., the writer 
felt encouraged to continue these experi- 
ments with plastic rotors after his return 
to New Haven. A 2-in. Lucite turbine 
was accelerated to 57,000 r.p.m. with the 
aid of 80 lb./sq. in. air pressure as 
measured with the Kahler-Hunt photo- 
electric speed-measuring circuit. After 
the mechanical features of the centrifuge 
had been improved in various respects, 
the construction of a 6-in. plastic turbine 
was undertaken with the mechanical aid 
of Mr. H. Nelson. Throughout the later 
phase of this work much benefit was 
derived from the expert advice of Pro- 
fessor F. W. Keator, of the Department 
of Mechanical Engineering, and several 























Fig. 1.—Air-turbine ultracentrifuge ‘with 
plastic rotor. A, Lucite rotor, 0.5 inch 
thick, 6 inches diameter, with flutings 
milled into the periphery; B, analytical 
fluid cell (see below), inserted in cylin- 
drical cell hole; 1, semi-circular opening 
in casing, H, to permit free escape of 
expanded driving air; J, air-jet. Insert B, 
analytical fluid cell, made by cementing, 
with Lucite cement, two outer discs of 
colourless Plexiglas resin to central disc of 
red Plexiglas. 
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RUBBER INTO PLASTICS 


Cups for collecting Latex from rubber trees have, of course, been 







made of many materials—cocoanut shells, metal, glass, earthenware. 


The interest in this new Latex cup, which is a very simple mould- 








ing in Beetle produced for The United Africa Company, Ltd., lies in 
the strange reversal of circumstances which have called in synthetic 


plastics to help production of one of the oldest of natural plastics. 
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H.P.M. INJECTION 
MOULDING PRESSES 


The new H.P.M. Injection Moulding Press to 
make 9 oz. per shot a reality. 


Outstanding advantages are easy and rapid setting of dies, variable 
working stroke, independently controlled pressures and accurately 
controlled heating, all of which are essential to meet the plastic 
moulding industry’s diversified requirements successfully. All 
operating mechanism totally enclosed, but readily accessible. This 
type of injection moulding press is alse available with a 12 oz. 
capacity. Other models from 20z. to 36 oz. capacity. 


May we send you particulers? 
Delivery is subject to Purchase and Priority Certificates issued by the M.T.C. 
Sole Agents and Engineering Representatives : 
e 


= [Jickman 


e COVENTRY « ° ENGLAND ® 
LONDON : BRISTOL: BIRMINGHAM - MANCHESTER - LEEDS - GLASGOW - NEWCASTLE 
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improvements, based on his suggestions, 
were incorporated in the design. 

A schematic drawing of the centrifuge 
at its present stage of development is 
reproduced in Fig. 1. 

The top speed thus far attained with 
this model has been 17,400 r.p.m. at 
48 Ib./sq. in. air pressure and an esti- 
mated free flow of 40 to 60 cubic ft./min., 
yielding a force of 20,200 times gravity 
at the centre of the analytical fluid cell 
which is situated at a distance of 6 cm. 
from the centre of rotation. This speed is 
sufficient to cover practically the entire 
size range of plant and animal viruses as 
given by Stanley,* and, in general, to 
bring about molecular sedimentation, at 
appreciable rate, of protein particles 
from about 10° molecular’ weight 
upwards. As examples of such materials, 
the sedimentation of earthworm hemo- 
globin and of Stanley’s crystalline 
tobacco virus protein, with sedimenta- 
tion constants of s,, = 60 x 10-% and 
175 x 10-13 and molecular weights of 





*W. M. Stanley, ‘““Handb. d. Virusforschg.,” p. 538, 


Vienna, 4 
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3 x 106 and 40 x 108, respectively, has 
been photographically recorded employ- 
ing the 6-in. Lucite rotor. 

The definition of the sedimenting 
boundaries, as exemplified in the results, 
the regular rate of sedimentation during 
the individual intervals, and the values 
of the sedimentation constants obtained 
for the virus with this centrifuge (s,, = 
157 and 161 x 10-18) as-compared with 
that determined in our Beams ultracentri- 
fuge (s,, = 175 x 10-5) for the same 
preparation, may be regarded as evidence 
that sedimentation in the plastic rotor 
proceeds essentially undisturbed - by 
mechanical vibration or thermal convec- 
tion currents. 

The plastic rotors may be adapted to 
use in centrifuge microscopes as well as 
in analytical ultracentrifuges. The con- 
tact arrangement indicated in Fig. 1 
(parts F and G)_has been used to syn- 
chronize a stroboscopic light source (e.g., 
Strobotak of the General Radio ‘Com- 
pany) with the rotor and to examine 
living cells during centrifuging with a 
low-power microscope. 








PLASTICS IN THE WRIGHT 
CYCLONE ENGINE 


‘“ Machine Design ’’ of February, 1943, 
reports that plastics replace two sheet 
aluminium parts in the Wright Cyclone 
engine (right), effecting a saving of many 
thousand pounds of the vital metal 
monthly, giving twice the service life of 
the parts involved and providing reduc- 
tions in engine weight, manufacturing time 
and costs. The two parts—baffles or air 
deflectors and push-red housing—are in 
quantity production and other manufac- 
turers are expected to adopt them as 
standard. Made in one instead of five 
operations the parts are fabric impregnated 
with phenolic resin and are formed in 
moulds and cured under heat and pressure. 
The baffles deflect the air stream over the 
entire finned surface of the cylinders, pro- 
viding rear bank cylinders with the same 
cooling as the front. The push-rod hous- 
ings, l-in.. tubes about 12 ins. 
protect the push-rods and act as a return 


long, ° 


channel: for oil carried to the entire valve: 
mechanism. 

It is not clear that the moulding is 
of the conventional type, and may refer 
to curing fabricated tubes on a mandril. 





The Wright Cyclone engine in which are 
clearly seen the tubular push rods. 
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Aircraft Parts of 
Resin-impregnated Paper 


The adoption of resin-impregnated paper 
in the U.S.A. for small aircraft parts, while 
not an unknown technique here, is inter- 
esting as a corollary to the so-called 
plastic aeroplane of laminated plywood 


EVERAL important advantages over 

metal and plywood as airoraft, struc- 
tural materials are claimed for laminated 
plastic-impregnated paper, which has 
been used experimentally by the 
McDonnell Aircraft Corp., of St. Louis, 
Missouri, U.S.A., in the production of 
numerous minor and some major aircraft 
structures. Besides the saving of con- 
siderable aluminium and steel required 
for air-frames, engines and other military 
products, laminated-paper parts can be 
made faster than the parts can be fabri- 
cated in metal, with less, lighter and 
cheaper equipment, with a.reduction in 
man-hours of work and with slight waste 





Rolls of plastic-impregnated paper 
sheet arranged for convenience 
prior to laminating. 


By H. W. PERRY 


of materials which are relatively plentiful 
and available. 

Moreover, gauge thickness can be 
graduated according to magnitude of 
stresses likely to be imposed on: different 
sections or areas of a part, the strength/ 
weight ratio is even higher than that of 
corresponding parts made of aluminium, 
the plasticized paper can be moulded 
readily to compound curvature without 
special treatment, the shaped structure 
presents a smooth surface which needs no 
finishing and no protective coating, and 





Wing-tip blank cut from paper 
layers decreasing in number to- 
wards tip to taper the gauge. 
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it has greater resistance to denting by 
impact and to abrasion than has alu- 
minium sheet. 

In the work done in this field the 
McDonnell Company has had _ the 
co-operation of the pulp and paper 
section of the Forest Products Labora- 
tory of the U.S. Department of Agricul- 
ture, and also of a paper manufacturing 
company in producing a strong paper 
from a special wood pulp and impregnat- 
ing the paper with a liquid phenol- 
formaldehyde plastic at the mill. 

The impregnated paper comes to the 
aircraft plant in rolls which are there 
placed horizontally in a vertical wood 
frame for convenience in unrolling to 
form laminations. To produce a tapered 
gauge, some sheets are drawn farther out 
towards the end than others, thus reduc- 
ing the number of plies, as in making the 
skin of a wing tip, here illustrated, which 





PLASTICS 215 


Laminated paper ribs of 

the wing tip moulded 

at a pressure of 250 Ib./ 
sq. in. 


is thinner at the outer edge than at the 
attaching edge for increased lightness. 
Next, from the paper laminations a 
blank is cut to profile of the intended part 
and placed in a press over a die having 





The finished wing tip on only 15 parts 

compared with 96 parts for the conven- 

tional aluminium tip of the same size and 
design. 
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the correct contour. Here the skin is 
moulded in single-piece upper and under 
halves at a pressure of 250 lb./sq. in. in 
zinc-alloy dies, which are relatively soft 
and readily melted for repeated die 
making. Truss-type, flanged ribs of the 
wing tip also are made of paper in the 
-Ssame way. 

A wing tip made as described consists 
of only 15 parts as against 96 fabricated 
parts in a conventional aluminium tip of 
the same design. One bolted horizontally 
to a vertical stand sustained a static load 
of 2,800 lb., which is 40 per cent. more 
than the design load for a metal tip. 
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No other details of the manufacturing 
process have been revealed, such as 
whether liquid synthetic adhesive is 
applied when laminating the paper, 
whether heat is applied during moulding, 
time required for the plastic to set in the 
press so that parts are rigid enough for 
handling, and how the skin is bonded to 
the ribs. Neither has information been 
given as to the kind of wood used for 
making the paper or the thickness and 
physical properties that make the paper 
especially suitable for impregnating and 
moulding into aircraft parts. Such data 
are important for future work. 








Joining Light Alloys 
with Adhesives 


Brief Details are Given of a New Technique Employing 

a Plastic Adhesive for Making Metal-to-Metal Joints. 

The Results of Some Mechanical Tests on Duralumin 
Sheet of Various Gauges are Detailed 


T is now. possible to publish* some details 
of the Redux process,t which provides, 
through the use of synthetic resin adhesives, 
a method of bonding light alloys to light 
alloys and steel to steel with a strength 
exceeding, under certain conditions, that of 
riveting. The process is also capable of 
giving strong joints between. metal and 
wood, a constructional device of rapidly 
growing importance in many spheres of 
interest, both in military and in non- 
military engineering practice. 

This wide extension in the field of resin 
bonding opens up new possibilities in the 
sphere of aircraft construction and intro- 
duces further valuable assembly possibilities 
to the engineering and industrial designer. 

The development of the process may prove 
to be as significant as the introduction’ of the 
resin adhesives generally, which within 





* By Permission of M.A.P. The Redux process has 
been declared secret by the Government and, at 
present, is available only to concerns engaged on 
essential war work, 


t Aero Research, Ltd- 


recent years have revolutionized the ply- 
wood industry. 

Basically, the process is a method of resin- 
bonding applied by a technique involving 
accurate control of variables, but adaptable 
to the nature of the surfaces to be joined 
and to the character of the structure to be 
assembled. 

It enables light alloys and steel to be 
cemented together or to wood without stress 
concentrations, to give joints which are 
aero-dynamically smooth, petrol-tight and 
stronger than’comparable riveted joints. It 
also gives strong joints between metal and 
wood, and is essentially economical and 
lends itself to modern production methods. 
Metal-to-metal Bonds 

The synthetic resin adhesives used are 
unaffected by water, oil or petrol. The 
process works best with trivalent metals, 
such as aluminium (duralumin), chromium 
and iron or steel; it gives less satisfactory 
joints with brass, tin or zinc. The resin 
bond is mildly thermoplastic and loses 
strength at temperatures above 100 degrees 
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BRONZE BEARINGS 


Bronze of. cellular structure 
impregnated with lubricating 
oil. The pores within the metal 
act as oil reservoirs supplying 
a continuous film of oil to the 
bearing surfaces to meet the 
requirements of speed, load and 


general running conditions. 
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It is not always a question of metal 
substitution. Plastics correctly adapted 
may be the right material for the job. 
Save those machining operations. Have 
it moulded by :— 














SHANNOBLIC 
Suspewtstont 
FILING 


PUTS VITAL INFORMATION AT 
YOUR FINGERTIPS 





Shannoblic folders never slip under or ride up because they hang on a metal For emergency 
frame. The hangers carry the weight ; they are easily removed and replaced. desk tables. 
Large, angled, celluloid tabs, adjustable to one of five positions, allow 

flexibility of indexing and give immediate identification of folders. Shannoblic 

Suspension Filing will fit YOUR existing filing cabinets and desk drawers. For your files 
Let us send you details. and desks. 
Or the Shannoblic Desk Top Unit, a rigid all-metal frame with 20 Shannoblic 
Suspension Folders, is ideal for use on war-time emergency desk tables or as 
an extra desk-top filing drawer. Price complete 37/7 quarto, 42/7 foolscap, 
including Purchase Tax. Post Free in Great Britain only. 


To comply with Paper Control Order. 48 
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C. The loss of strength is, however, regained 
on subsequent cooling provided that the 
joint has not been subject to undue strain 
while in the heated state. 

The softening temperature referred to is 
sufficiently high for aircraft use where, by 
the elimination of riveting practice with its 
attendant formation of broken surfaces, the 





Shown above is an enlarged view of part 
of the adhesion surface of the joint referred 
to in the two other illustrations on this 
page. It will be seen that rupture has 
taken place at the plastic surface; no tear- 
ing of the duralumin surface appears to 
have occurred. Incidentally, it may be 
noted that®the roughened surface shown 
here is not essential to good adhesion. 
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(At the left) Duralumin 
lap-joint test piece used 
for the shear strength 
determination referred 
to in the two remaining 
illustrations on this page. 
The joint is made with 
Redux in two strips of 
duralumin 0.2 in. thick, 
0.45 in. wide, with a lap 
of 0.9in. Beloware seen 
the two units of the joint 
after breaking in shear 
(1.7 tons per sq. in.). 


method provides smooth surfaces having 
distinct aerodynamical advantages. 





Metal-to-wood Bonds 


The process gives strong joints between 
metal and wood, and meets design require- 
ments arising out of existing trends in air- 
craft construction. It solves, for example, 
the troublesome problem of attaching steel 
fittings to the root ends of wooden spars. 

Other uses are found in the local rein- 
forcement of wood where concentrated loads 
have to be applied to a structure. In such 
cases it is often convenient to cement the 
metal to a plywood facing by this system, 
and then to cement the plywood-metal com- 
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METHOD OF TEST The joints were encased in an electrically heated oven 
and pulled in an Amsler 1,000/10,000 Ib. machine. Temperatures were 


measured by a thermocouple attached to the specimens under test. 
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ponent to the aircraft structure with a cold- 
setting adhesive such as Aerolite 300 with 
Hardener GMB or GBP.* 


Strength of Redux Joints 
Fig. 1 shows the results of tests on simple 


alclad lap joints 1 in. 


lap of 22 g., 18 g. 
pulled at various 
Amsler 1,000/10,000 
Ib. testing machine. 

The strength 
increases somewhat 
with thickness of the 
strip, because, when 


Fig. 2.—Curve show- 
ing effect of thickness 
of material joined on 
apparent shear 


strength of joint. It 
will be observed that 
thicker material gives 
a joint of increased 
strength. 


wide, with }-in. over- 
and 16 g, thickness, 
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Fig. 1.—Details and 
curves of shear test 
on lap joints in alclad, 
1 in. wide with }-in. 
overlap. Joint was 
tested in 22 g., 18 g. 
and 16 g. thickness 
material, at temper - 
tures from 20-110 
deg. C 


pulled, such a joint 
is subjected to bend- 
ing as well as shear- 
ing stresses; the 
greater stiffness of 
the thicker gauge 
strips reduces the 
bending and causes 
the load to approxi- 
mate more and more 
to pure shear. Thus 
(see Fig. 2) when 
6 g. strip is used the 
apparent shear stress 


rises to 5,300 lb./in.2 at room temperature. 

It will be seen that with the gauges com- 
monly used in aircraft, the failing stress 
exceeds 2,000 lb./in.2 at temperatures up 
to 70 degrees C. 
become brittle at temperatures below freez- 


ing point. 


Redux joints do not 
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X-RAY INSPECTION 
EQUIPMENT FOR THE 
PLASTICS INDUSTRY 


SIMPLE - SAFE - ECONOMICAL 


‘Non-destructive testing by X-rays is as modern as the science of 
plastics itself. As a simple routine measure it has solved the 
inspection problems of an increasing: number of industries. View- 
ing under X-rays leaves nothing to chance. Defects which would 
otherwise be hidden are quickly and clearly revealed. To meet the 
vital needs of today. quality control by the X-ray method is 
something to be investigated. 
Write today for particulars of the 
“MACRO 100 ”’ industrial X-ray 
unit and its application to the 
examination of plastic mouldings 
and assemblies. 


* QUICK DELIVER 






















PHILIPS ‘“*MACRO 
100’’ Industrial 
X-Ray Unit. Trans- 
portable, flexible & 
and economical to 
run. Simplified 
model available for 
conveyor belt work. 
British made 
throughout. 


Radiograph of mould- 
ed assembly showing 
incorrect location of 
metal insert. 


PHILIPS 
METALIX 


PHILIPS LAMPS LTD. 








CENTURY HOUSE, SHAFTESBURY AVENUE 
LONDON, W.C.2. 


Telephem 4 6 ss « « ‘Garvard F777 
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~as hard as nails 


Jicwood is a compressed wood of 
extraordinary strength and hard- 
ness—too hard to nail but easily 
workable otherwise. 


Characteristics are akin to metal, 
yet specifically lighter and cannot 
fatigue. With all its great strength 
Jicwood retains the refinement of 
wood. Jicwood has proved invalu- 
able for the manufacture of 
aircraft propeller blades, parts of 
aircraft, jigs, rollers, silent gears 
and many other products. 


Jicwood can be made in various 
grades and combinations: e.g., 
Grade 138 ; Tensile 45,000 Ibs. per 
sq. in. ; Shear 7,000 Ibs. per sq. in. ; 
Specific gravity 1:38. 

We shall be pleased to send 


fuller details upon knowing 
your requirements. 


CWOOD 


———————— 





JICWOOD LTD., GROSVENOR GARDENS HOUSE, LONDON,8.W.1 
Telephone: VIC. 4527-8. Telegrams: Jicwood, Sowest, London. 
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MAINTAINING 
THE TRADITION 
OF 44 YEARS 
EXPERIENCE IN 
THE ART AND 
PRACTICE OF 

PLASTIC 
MOULDING AND 
TOOLMAKING 











TONBRIDGE, KENT 
PHONE: HADLOW 233/4 
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PRODUCTION 
NEws 


STERILIZATION OF COOLING 
WATER.—One of the troubles in the use 
of cooling water is the gradual growth in 
the pipes, coils, jackets, condensers, ‘and 
similar spaces, of organisms, chiefly of the 
algae and protozoa types, which form a 
slimy deposit. This possesses pronounced 
insulating properties, so that the efficiency 
of the cooling water is thereby reduced to a 
serious extent, while in bad cases the 
deposits multiply to such a degree as to 
cause choking and irregular circulation of 
the water. The trouble also varies, depend- 
ing for example upon the atmospheric tem- 
perature, being as a rule worse in summer 
than in winter, because of the more luxu- 
riant growths of the organisms. 

The remedy is treatment of the cooling 
water with a measured trace of chlorine gas 
on the lines that is now standard scientific 
practice for turbine condensers and cooling 
towers at power stations. In this connec- 
tion organic deposits are so serious that they 
soon cause a reduction in the degree of 
vacuum obtained at the turbine condenser, 
and, for example, 1 in. (of mercury) drop, 
from, say, 29 ins. to 28 ins., causes on the 
average an increase of about 5 per cent. in 
the coal bill. Probably more than 500,000 
tons of coal are being wasted in Great 
Britain in power stations alone because of 
organic growths, although many stations, as 
already indicated, are equipped with chlo- 
rination plant. 

The pioneers in this field are the Paterson 
Engineering Co., Ltd., of London (Windsor 
House, Kingsway, W.C.2), who, in 1922, 
equipped the first plant in the world, at a 
well-known London power station, for the 
treatment of cooling water with chlorine to 
prevent organic growths. Since this date 
they have equipped many power stations 
both at home and abroad, but it is not 
generally realized the method is of great 
value for industrial cooling water, in con- 
junction with, for example, refrigerators, 
cooling coils, jacketed pans, with water- 
cooling, air compressors, internal-combus- 
tion engines, general condensers for distilla- 
tion, and similar plant, and, of course, 
steam engine and turbine condensers of any 
size. 

For this purpose the firm use their well- 
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known ‘‘ Chloronome ’’ equipment, avail- 
able in different types, which, however, are 
all on the same principle, being essentially 
a metal panel with control valve, pressure 
gauges, metering device, filter for the 


chlorine, mtoisture seal, and two pressure- 
reducing valves in series, coupled up with 
a supply of chlorine either in drums or 





cylinders by narrow-diameter flexible copper 

ubing. In this way the chlorine gas is 
admitted continuously at any desired pres- 
sure rate, passing into a small stoneware 
tower forming part of the equipment to 
make a comparatively strong solution of 
chlorine in water, which is then discharged 
to the cooling-water circuit, ensuring rapid 
and uniform mixing. 

While conditions differ, roughly 0.5 part 
of chlorine is required per 1,000,000 parts 
of water, and equipment is available for 
dealing with as little as 0.4 Ib. of chlorine 
per hour. This industrial equipment is 
equally important for the sterilization of 
sewage and sewage effluents, and installa- 
tions are at work of very large size up to 
150 lb. of chlorine per hour. Another appli- 
cation also is sterilization of the washing 
water for fruit and vegetables before canning 
and bottling. 


COOLING WATER CONTROL.—In con- 
nection with the use of cooling water for 
air compressors, both small and large, it is 
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necessary to have some method of indicating 
at a glance that the full flow of the water 
is always maintained in the pipe circuit. 
For this purpose of particular value is the 
‘* Arkon ’’ liquid flow indicator, a pro- 
duction of Walker Crosweller and Co., Ltd., 
of Cheltenham (Glos), supplied in six 
standard sizes for }-in., }-in., l-in., 1}-in., 
1}-in. and 2-in., and consisting of a cast 
bronze or gunmetal body screwed into the 
pipe line. In addition there is available a 
seventh standard size, 3-in. diameter, with 
flanged instead of screw connections. At the 
upper part of the body is a small glass dome 
with a rotating spindle, having a chromium- 
plated ring attached, which revolves or 
spins in proportion to the flow. In the 





casing is a smal] horizontal cast bronze 
impeller operating the vertical steel spindle, 
and the instrument is suitable for pressures 
up to 40-50 lb. per sq. in., although the 
dome, of specially toughened glass, is tested 
hydraulically up to 500 lb. per sq. in. 
The instrument can be fixed in the pipe 
circuit at any desired point, although it 
must be horizontal, and the revolution of 
the ring is visible at a considerable distance 
because of the ‘‘ breaking ’’ action of light. 
That is to say, it is not necessary to peer 
into dark corners, or climb into awkward 
positions to find out whether the fl is 
taking place. Further, the instrument can- 
not seal or block the pipe, whilst the glass 
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dome stands well clear of the liquid flow, 
and is therefore not obscured by dirty 
water. In this connection also cleanliness 
is very seldom required. In addition, the 
propeller can be supplied for either low or 
high velocity of flow. 

Apart from air compressors, the instru 
ment is finding a wide use in many othe: 
sections of engineering, and some typical 
examples are for the cooling water circuits, 
bearings (especially fans and _ heavy 
machinery), presses, electric welding sets, 
degreasing plants, furnace electrodes, boiler 
circulating pumps, radio transmitters, and 
emulsifying equipment. 

Another important general application in 
which failure of the cooling water supply 
may have particularly disastrous results 
concerns the operation of mechanical stokers 
and pulverized fuel plants for coal, as well 
as water-cooled furnace bars and tubes in 
contact with combustion chambers. Here 
surfaces are exposed to direct heat from a 
combustion chamber, and a continuous flow 
of cooling water is of vital importance as 
regards the prevention of burning out. 


PLASTICS IN SOUTH AFRICA 


HE general shortage of crockery, glass- 

ware, etc., is helping to develop the 
South African plastics industry, which 
should be able to serve many of the 
country’s needs after the war. The South 
African Railways are now using plastic 
tumblers made in South Africa in the dining- 
rooms, restaurants, dining cars and else- 
where on the trains. These are taking the 
place of glass tumblers, supplies of which 
are difficult to obtain. Many other sorts 
of plastics are now being made in South 
African factories, and included in-~ their 
products for which there is now an increas- 
ing demand are all types of motorcar and 
lorry battery. Moulding powders for 
plastics are being made in the Union under 
branded names. 

At the same time there is still more 
importation of British plastic products, and 
among such to make a recent appearance 
on the local market is a series of small 
magnifying glasses with plastic cases. 
They are proving of value for many different 
purposes in South Africa, particularly in 
engineering works, for map-reading, 
deciphering blue prints, etc. There will be 
a much bigger sale of this product when 
shipping facilities are rather better than at 
present, 
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A new company called Plastic Manu- 
facturing Co. of South Africa has begun the 
manufacture of a number of important 
plastic products in Johannesburg. Among 
these products are dielectric material in 
sheets, rods and tubes, a'so plastic con- 
tainers for pharmaceutical and _ toilet 
preparations. 

Another Johannesburg firm (Hutt and 
Nelson, 19, Meikle Street) claims that in 
the field of plastics it has made great strides 
and is now busily employed in making 
plastic containers of all sizes. This firm 
specializes in thermoplastic containers of 
the smaller type for creams, toothpaste, 
toilet preparations and, with the new 
machinery on order, expect to develop 
their range. Presently it will be possible 
to make moulded plastic goods, such as 
cigarette cases and safety razors. This 
company is a self-contained unit, making its 
own dies and completing the finished articles 
in all the different details of production. 
Several experimental plastic products have 
been made recently, but the company feels 
that it cannot claim too many great 
developments in the near future, as really 
large production will only be possible when 
the new plant is installed. 

Marbo Products is the name of another 
plastics factory making such items as fancy 
goods. Another Johannesburg ‘firm is pro- 
ducing plastic powders in addition to 
finished plastic products such as beer bottle 
stoppers, honey jar caps, cosmetic jars and 
caps. 

Other developments in the South African 
plastics industry are anticipated in the near 
future, as there is no doubt that plastics 
can be used by commerce and industry to 
provide many of those substitute materials 
needed to replace substances no longer avail- 
able or severely controlled. So far the 
South African plastics industry is working 
on a rather small scale, and any new 
factories opened in the future are also likely 
to be of limited style. At the same time, it 
is envisaged that in the future some effort 
may be made to develop a really large 
plastics industry in the country and to 
undertake the manufacture of a range of 
domestic and industrial articles for sale in 
South Africa and for export to neighbour- 
ing countries. Before such hopes can be 
realized it will probably be necessary for the 
local industry to produce at a much cheaper 
selling level than at present. Plastics of 
local manufacture are expensive compared 
with the product previously imported, so 
that it has been largely due to the war that 
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the manufacture of plastics in the Union has 
managed to progress in the last three years. 
Efforts will be made to reduce costs. 


ENGINEERING BULLETIN.—The 
April, 1943, issue of ‘‘ Production and 
Engineering Bulletin,’’ published by the 
Ministries of Labour and of Production, 
contained much interesting information 
regarding efficiency in factories. Among 
the principal features are: Power Trucks for 
Efficient Internal Transport; On Night 
Work (some useful hints to those first 
changing over to night shifts); Volunteer 
Labour Service (a record of achievement of 
week-end volunteer workers); High Precision 
Work by Women, etc. 


PLASTICS ADVERTISING.—Birkby’s, 
Ltd., Liversedge, Yorks, manufacturers of 
Elo resins, have commenced national adver- 
tising, using the leading provincial papers 
for their campaign. 


SOCIETY MEETING.—On May 11 the 
members of the Institute of the Plastics 
Industry are invited to attend a joint meet- 
ing with the Plastics Group of the Society 
of Chemical Industry at 7.30 p.m. at the 
‘“Windsor Castle,’’ Victoria -Station, 
London, S.W.1. The meeting will be in the 
form of a symposium on ‘‘ The Practical 
Use of Plastics in Building and Structural 
Work.’’.. Mr. F. S. Snow, M.Inst.C.E., 
M.I.Struct.E., will open the meeting on 
behalf of the Institution of Structural 
Engineers and will be followed by Dr. A. 
Caress on behalf of the Institute of the 
Plastics Industry. 


INSTITUTE OF THE PLASTICS 
INDUSTRY.—The annual general meeting 
of the London Section will be held at the 
Waldorf Hotel, Aldwych, London, on 
Wednesday, May 12, at 12.15 p.m. This 
meeting will be followed by a luncheon, 
after which an address will be delivered by 
Major T. Knowles. 








Classification of Plastics 

In Mr. Stevens’ ‘‘ Classification of 
Plastics,’ in our April issue, the well- 
known trade name of ‘‘ Elo,’’ the synthetic 
resins made by Birkby’s, Ltd., was jnad- 
vertently omitted. Also ‘‘Kallodent’’ (I.C.I. 
polyacrylate) was rendered ‘‘ Callodent.’’ 
We regret both errors. British Resin 


Products, Ltd., remind us that the trade 
mark ‘‘ Epok ’’ covers also their coumarone 
indene resins and their modified rosins. 
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Resinoids and Other Plastics 


as Film Formers 
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By B. J. BRAJNIKOFF, 


Consulting Electrical Engineer 


XVII.—Peculiarities of Physical Properties of 
High Polymers 


lise analytical considerations outlined 
in the previous sections enable us to 
obtain a deeper insight into the relation- 
ship between the processes underlying the 
evolution of the molecular complexes and 
the characteristic features of their phy- 
sical behaviour, in so far as_ they 
affect the plastics field generally and the 
film formation in particular. 

The fundamental property distinguish- 
ing high polymeric products from other 
materials is the exceptionally large size 
of their molecules and associated with it 
the possibility of molecular deformation. 
For the linear, non-branching molecules 
(to the discussion of which we shall con- 
fine our attention in the current section, 
designating them as chains), a_ suitable 
measure of the molecular deformation is 
the change of entropy of the filamentary 
molecule, owing to its transition from the 
‘‘rectilinear’’ shape into a more probable 
bent configuration. |The basic aspects 
and possibility of the deformation, as well 
as the dependence of the deformation 
upon the length of the molecular chain, 
have been demonstrated in the works of 
Mark and Kuhn.%6 

While Mark and Kuhn have built up 


their deformation theory on the assump- | 


tion of a free rotation of similar chemical 
groups in the chain (or links) with 
respect to one another with preserva- 
tion of the valence bond, Bresler and 
Frenkel?’ have introduced the limitation 
of the freedom of rotation, by taking into 
account the presence of a potential barrier 
during the rotatory motion, conditioned 
by the interaction of the molecular links. 

It should be remarked that the above- 
mentioned studies have been restricted, 
mainly, to the behaviour of an isolated 


chain. The limitation as introduced by 
Frenkel and Bresler is doubtless correct, 
and it is easy to see that, with the altera- 
tion of the size of the barrier within any 
assigned limits, the shape of the chain 
will continually change. 

Moreover, no matter how thorough may 
be the analysis of an isolated chain, it is 
impossible to arrive through such to any 
quantitative conclusions regarding the 
behaviour of high polymeric molecules in 
condensed state, a circumstance of car- 
dinal importance to the coating indus- 
try. In consequence of interaction 
of the links of the polymer, both among 
themselves and with the molecules of sol- 
vent, the magnitude of the potential bar- 
rier may vary equally well in the direction 
of increase and decrease. The latter 
aspect is due to the fact that both the 
forces of attraction and repulsion are 
essential to the potential barrier. 


Direction of Processes from Thermo- 

dynamical Viewpoint 

At this juncture it wiil be very helpful 
to make a brief excursion into the domain 
of thermodynamics, as it has an immedi- 
ate bearing upon the discussion that 
follows. 

In accordance with the present-day 
knowledge of the structure of matter, the 
heat energy of material bodies is to be 
regarded as a form of kinetic energy, i.e., 
the energy of random motion of the mole- 
cules. The most striking ocular confirma- 


tion of the kinetic theory of heat and the- 


validity of the law of energy distribution 
in a system at thermodynamical 
equilibrium is furnished by the Brownian 
molecular motion. In Brownian move- 


ments, which can be demonstrated best 
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with the ultramicroscope, the molecules 
of the fluid medium in the immediate 
vicinity of a suspended particle collide in 
consequence of their oscillations, due to 
thermal agitation and sharing of it with 
their energy. 

The equivalence of heat and work is 
known as the first principle of energy or 
the first law of thermodynamics, and is 
an extension of the principle of the con- 
servation of energy, applied to thermal 
processes. ‘ 

Almost all chemical processes are 
accompanied by change of temperature. 
The quantity of heat set free (as, for 
example, in the reactions termed by 
Berthelot ‘‘ exothermic ’’) in the course of 
a given chemical process is proportional 
to the mass of the substance taking part 
in it. The quantity of heat used up or 
developed in the combination of the 
chemical nature is designated as the heat 
of combination. When none, or only a 
part, of the heat supplied to the system 
is used up for the performance of external 
work, the internal energy must increase. 
The internal energy is very complicated 
in the case of solids and liquids, for the 
reason that, in addition to the complex 
structure of the molecules, as contrasted 
to gas, there are also combinations of the 
moiecules with one another to be taken 
into account (forces of cohesion). Unless 
some special constraint is applied, changes 
of the tempetature of a body are, in 
general, accompanied by alterations of 
length or volume. 

In this connection, the direction of 
processes is of prime importance. In 
a closed system all processes take place 
in such a direction as not to bring the 
system into a less probable condition, a 
postuiate which constitutes the essence of 
the second law of thermodynamics, as 
announced by Boltzmann in 1866. 

Experience shows that the combination 
of the two laws of thermodynamics can 
also be extended to systems, in which 
other kinds, of external work (as distinct 
from gas) are performed, such as chemical 
changes, solution, elastic deformations, 
and the like. 

The processes, in which the probability 
4 
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remains the same, are reversible; they can 
pass through all their phases in the reverse 
direction. On the other hand, processes 
invoking an increase in the probability 
of the condition of the system are irre- 
versible. 

The most probable state for an isolated 
system is that of complete disorder, in 
which there are no directed conditions, 
such as differences of temperature, pres- 
sure, concentration. In this state there is 
no excess of energy in any one part of the 
system; the energy distribution is per- 
fectly uniform, and the whole system is, 
therefore, at a uniform temperature. 

According to Boltzmann, processes at 
variance with the second law are not 
impossible, but only in the highest degree 
improbable. The reason for this is to be 
found in the complex structure of the 
matter involved, which Consists of an 
immense number of atoms and,molecules. 
In the investigation of physical processes, 
account must be taken of the motions of 
these ultimate particles and the distribu- 
tion of velocities among them. 

The explanation of all phenomena on 
the basis of these elementary motions is 
the problem of the so-called statistical 
mechanics. From the above it follows 
that the probability of any given state of 
distribution increases as the number of 
particles involved is lessened. Hence, if 
the number of particles taking part in the 
process or the space it occupies is suffi- 
ciently small, the probability of the 
occurrence of the process may become so 
great that it can actually be observed 
once within a measurable time. 

The investigation of Brownian mole- 
cular movement has led to the recognition 
that suspended particles of a size just 
visible in a microscope possess kinetic 
energy which they have derived from 
the thermal energy of their surroundings 
at uniform temperature. The visible 
motions of the particles are the result of 
particularly energetic impacts. Thus heat 
energy has passed over into actual bodies 
—as distinct from the moiecules—in a 
greater degree than that corresponding 
to the thermodynamical equilibrium. 
Regions of the order of magnitude of the 
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particles displaying Brownian movement 
represent the limit down to which the 
concepts of temperature, pressure, con- 
centration in their usual form still hold, 
and down to which we can still speak of 
the general practical validity of the 
second law of thermodynamics. 

The notion of entropy, in terms of the 
thermodynamical considerations, is 
defined as a quantity, the product of 
which by the lowest temperature value 
of the process represents the number of 
calories not convertible under specified 
conditions into work but withdrawn in 
the form of heat. In other words, the 
entropy is a number, whose product by 
the temperature of the process gives the 
amount of heat involved in the process. 

The concept of entropy, which is rather 
difficult to grasp from the purely thermo- 
dynamical standpoint, becomes easier to 
understand in the light of the theory of 
probabiity, namely, that the entropy of 
a state is a definite multiple of the natural 
logarithm of its probability. 

Hence, the quantities, which are 
descriptive of the state of a given system 
(e.g., colloidal solution, etc.), in that they 
have a definite numerical magnitude for 
every state of the system. These quanti- 
ties are: the internal energy U, pressure 
p, volume v, temperature T, concentra- 
tion of dissolved molecules N, and, finally, 
the entropy S. They are not independent 
of one another, but are connected by a 
certain functional relationship determined 
by the nature of the system. A change 
of one of these parameters of state causes, 
in general, a change of the others, 
although one or more of them may 
remain constant. Thus the state of the 
system can be varied while one of the 
parameters is kept constant: e.g., iso- 
piestic processes (p = constant), isochoric 
processes (v = constant), isothermal pro- 
cesses (T = constant), isentropic processes 
(S = constant), processes at constant con- 
centration, and so on. 


Determination of the Molecular 
Configuration 


At the present time there are no 
methods for the quantitative estimations 
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of interactions between the links, which 
would enable the investigator to 
determine the shape of the chain molecule 
in a condensed system. Moreover, the 
most important properties of high poly- 
mers are evaluated precisely by the inter- 
action of constituent links and the state 
of the chain. The anomalous elastic pro- 
perties of a po:ymer® are consequential 
to the deformability of chains and are, 
therefore, determined by the state of the 
chains in the initial material. The term 
elasticity is meant here to designate the 
ability of a polymer to deform reversibly 
under the action of forces operating for a 
short interval of time. By the term vis- 
cosity is meant the value of internal fric- 
tion of a body in the Newtonian sense 
under stationary conditions of the lamina] 
flow.%8 The exceptionally large values of 
the viscosity of high polymers are the 
consequence of a great magnitude of the 
energy of interaction between the chains, 
which, in turn, is composed by the inter- 
action of the links. 

It should be noted that the processes of 
the regrouping gf links, which determine 
the speed of. bringing them to the station- 
ary régime, progress with different veloci- 
ties.%8 In the event of the regrouping of 
links, the period of reiaxation depends on 
the energy of interaction between the 
links, whereas the relaxation period in 
the case of the regrouping of chains 
depends on the sum total of energies of 
the interaction of links in the chain. 
Therefore, the development of elastic 
processes proceeds at a far greater speed 
than the processes of viscous flow. Inas- 
much as both processes, as indicated 
above, depend ultimately on the arrange- 
ment and the energy of interaction 
between the links, it is evident that in 
order to unravel the mechanism of these 
processes in greater detail it is necessary 
to introduce more definite concepts relat- 
ing to the structure of high polymers. 

Every deformation of a high polymer 
impels the chains to straighten and orient 
themselves in the direction of the 
deformation. By increasing the degree | 
and the duration of the deforma- 


tion, we ‘can approach as closely as 
e 
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we wish to the structure, which in a 
certain sense follows a regular pattern. 
Indeed, by means of suitable deforma- 
tion, it is possible to attain the decrease 
of interlacing of the molecules in the 
course of their ‘‘ straightening.’’ In such 
a case, there naturally takes place, in the 
limit, a regular distribution of the links 
in the chains, as well as of the chains 
themselves. The appearance of a similar 
regular recurrence of the links and the 
chains makes it essential to examine in 
more detail the question of the phase 
transitions in bodies of this kind. 


The State of Crystallinity 


It is known that on stretching of 
natural rubber, there occurs a process of 
the alteration in the structure of the 
material, which is usually referred to as 
the process of crystallization. Moreover, 
for the substances with very large mole- 
cules, the notion of a crystal, in the ordin- 
ary sense of the term, often leads to 
misunderstandings. To describe a crystal 
of a low molecular substance, it is suffi- 
cient to indicate the position of the centres 
of gravity of the molecules and the space 
distribution of their elements of sym- 
metry. This description is adequate so 
long as the molecules are small, and the 
vibratory motion of the separate parts 
of the molecule cause no change in its 
shape. But where the molecules are of 
gigantic dimensions and have the shape of 
flexibie threads, the periodic distribution 
of the centres of gravity of such large 
molecules in space does not determine the 
periodic distribution of separate similar 
chemical groups of the chain.. 

It is not clear whether in that case a 
body should be regarded as high poly- 
meric, when there is a periodic distribu- 
tion of the centres of gravity of the chain 
molecules (i.e., when the criterion of the 
crystaliinity is being fulfilled for bodies 
composed of small molecules), or when 
there is a periodic distribution of the 
centres of gravity of the links of the chain. 
If we use the criterion as has been sug: 
gested by Landau,®® it is easy to reveal 
that a periodic distribution of the centres 
of gravity of chains, which undergo cease- 
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less deformation (due to thermal motion), 
corresponds not to a periodic, but to a 
constant function of density, holding true 
for the entire space. 

On the other hand, the periodic varia- 
tion of the density function conforms to 
periodic distribution of the centres of 
gravity of links. Hence, we are enabled 
to infer that the crystals of a high poly- 
mer may only thus be properly so called, 
when all links of all chains are arranged 
periodically. From the above it follows 
that in a crystal of a high polymer the 
chains should possess the “ rectilinear ’’ 
shape. 

In the event, when the filamentary 
molecules are situated with some regu- 
larity relative to one another (for 
example, in the sense of the dependence 
of the directions of symmetry axes of 
separate chains), but are lacking the 
“‘rectilinear’’ shape, we obviously have 
the case of a liquid-crystalline phase. 

Qualitatively, we are in a position to 
analyse the connection between the fusion 
temperature of a crystal and the degree of 
polymerization. 

As is known, the equilibrium state of 
a system, at constant temperature and 
pressure, corresponds to the minimum of 
thermodynamic potential, or neglecting 
the variation of volume, which is insig- 
nificant in the case under consideration, 
to the minimum of free energy. 

Let us consider the change of free 
energy for crystals of a homologous 
series, for instance, paraffins. Inasmuch 
as various homologues differ from one 
another only by the number of the 
identical chemical groups contained in the 
chain molecule, the internal energy (all 
thermodynamic quantities refer to the 
molar vaiue of a substance) will grow in 
direct proportion to the number of links 
comprised by the chain (i.e., the degree 
of polymerization). 

The free ‘energy will also increase 
linearly with the growth of the number 
of chains, so long as the values of the 
entropy term in the free energy varies 
slighty. Indeed, at low degrees of the 
polymerization (i.e., for the lower homo- 
logues) the flexibility of the filamentary 
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molecule is negligible, and the molecule, 
with a great degree of the approximation, 
retains its ‘‘ rectilinear’’ shape during the 
fusion of crystal. The analytical con- 
siderations, as outlined above, are, in 
essence, analogous to the well-known 
Trouton’s rule, according to which the 
change of entropy in the evaporation does 
not depend on the molecular weight. 

Thus, the well-known fact of the eleva- 
tion® of the fusion temperature with the 
growth of the molecular weight of a homo- 
logue will be observed as long as the 
postulate of constancy of change of 
entropy during the fusion holds true, i.e., 
so long until the chain in the crystal and 
in the liquid may be regarded as pre- 
serving its configuration. In other words, 
this position will obtain as long as we can 
disregard the change of entropy, condi- 
tioned by the flexibility of chain (which 
is always possible with sufficiently short 
chains), that is, for so long, while it is 
permissible to restrict the estimation of 
the entropy variation, conditioned by the 
mutual arrangement of the molecules, 
without reckoning the alteration of their 
own configuration. 

Indeed, in the process of fusion we have 


UWerystar—Utiquia 
=e S crystal—5 liquid 
where the symbols denote the same 
parameters as before, i.e., U is the 
interna] energy, S is the entropy, and 
T the temperature on the absolute scale. 

For all lower homologues the value of 
the denomination is constant, whilst the 
numerator grows with the increase of the 
degree of polymerization. Whence it fol- 
lows that the temperature of fusion also 
should rise. . 

However, for high polymers the flexi- 
bility of the chain becomes so consider- 
able that the change of entropy, in 
consequence of deformation of the chains, 
may greatly exceed the usual variation of 
entropy. For instance, Meyer and other 
workers recently showed that the 
change of entropy in the process of solu- 
tion of high polymers (viz., rubber, cellu- 
lose, etc.), may exceed ten, hundred and 
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even thousand times the value of entropy 
of mixing liquids. 

Therefore, in the other limiting case, 
with very high degrees of polymerizatiou 
(i.e., when the flexibility of the fila- 
mentary molecule becomes _insignifi- 
cant on account of its exceptionally great 
length), the change of entropy during the 
fusion will be determined, in the main, 
only by that its part, which is conditioned 
by the aiteration of the configuration of 
the chains in their transition from one 
state to another. 

Hence it is evident that, with the suffi 
ciently large dimensions of chains, the 
entropy part of the change of free energy 
will be precisely determined solely by it, 
and not by the value of internal energy. 
Thus, in this limiting case the tempera- 
ture of the fusion should diminish with 
the growth of the degree of polymeriza- 
tion. 

In the light of the considerations as 
outlined above, it is legitimate to come 
to the conclusion that the performance 
curve giving the dependence of the fusion 
temperature of the crystals of the homo- 
logous series on the degree of the 
polymerization must have a maximum. 

The latter circumstance permits us to 
expect that a series of high polymeric 
substances should, at normal tempera- 
ture, already possess either a liquid or 
liquid-crystalline structure. Indeed, it is 
a well-known fact that a number of 
investigators”! have observed the absence 
of crystalline structure in many high 
molecular compounds (viz., rubber, etc.). 

It has often been suggested that the 
cause of the absence of the crystalline 
state is a slow rate of kinetics in attaining 
a regular arrangement by the long chains 
owing to their magnitude and interlacing. 
Consequently, the fluid structures of high 
polymers are regarded as unbalanced 
systems (glass-like state). 

In the opinion of Karguin and 
Slonimsky,*62 who have done a good deal 
of research on high polymers at the 
Moscow Institute of Physical Chemistry, 
the liquid structure of high polymers may 
be balanced even at very low tempera- 
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tures. As to the problem concerning the 
absolute value of the fusion temperatures, 
it can, of course, be decided only by 
experimental observations for each type 
of high polymeric substance separately. 
None the less, it is possible to affirm that, 
with the raising of the degree of poly- 
merization, the temperature of fusion, 
after passing through the maximum, 
begins to diminish and may reach very 
low values (at sufficiently high degrees of 
polymerization). 

Of course, any intermediate hypotheses, 
allowing for the existence of regular 
crystals surrounded by an amorphous 
substance, are reducible to the admission 
of the unbalanced state of the material 
and become absurd in passing to solu- 
tions. The formation of a crystal is con- 
nected with the phase transition, and the 
consideration of ‘‘swarms’’ (the presence 
of which is inevitable in any liquid, 
including a high polymeric one), as a new 
phase, automatically leads to the recogni- 
tion of the continuity of the phase tran- 
sition, which contradicts the accepted 
concept of a crystal.%9 


Anisotropy 

Let us now pass to the discussion 
of a possible state of high polymers—the 
liquid-crystalline condition. According 
to Landau, the sphere of existence of 
the liquid-crystalline state is particularly 
reat in the case of high polymeric 
compounds. 

As has already been pointed out, the 
liquid-crystalline condition is charac- 
terized by the presence of anisotropy (i.e., 
by the non-equivalence of various 
arrangements of neighbouring molecules 
in the assigned situation of a given 
molecule) at the constant value of the 
above-mentioned function of density. 
Here we have the “‘non-rectilinear’’ 
chains, distributed in some regular 
fashion. Indeed, in the case of the chain 


molecules of very great magnitude, even. 


after the transition to a ‘‘ non-rectilinear ”’ 
shape, they still retain an asymmetry 
(i.e., the volume occupied by the bent 
molecule is not a spheroid). Naturally, 
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the interactions between such gigantic 
molecules will be sufficiently great even 
at a very feeble interaction between 
separate links. As a consequence of this 
interaction, there may occur the -orienta- 
tion of such large bent molecules along 
a certain general direction, in the total 
absence of the regular arrangement of 
individual links (the absence of an 
ordered distribution of links conforms to 
the constancy value of the density func- 
tion). Therefore, it is possible to expect 
for high polymers the existence of a 
liquid-crystalline state within a large 
range of temperatures. 

In considering anisotropic properties of 
high polymers it is necessary to take into 
account not only the molecular inter- 
actions but also the influence of the 
external forces. Usually, the high poly- 
meric materials are being found and 
studied in already oriented condition, i.e., 
in the anisotropic state, caused by 
previous mechanical deformation or by 
the imposition of some other extraneous 
field of force. 

Karguin and Slonimsky% emphasize 
that the manifestation of anisotropy 
considered in itself alone, regardless of 
the field of force acting on the body, is 
not directly connected with the phase 
transition from’ the fluid to a liquid- 
crystalline or crystalline state. The same 
circumstance holds true in the case of a 
high polymeric body, which has in the 
past been subjected to the action of the 
field of force, if the period of relaxation 
is appreciable. 

The appearance of anisotropy or the 
alteration of symmetry generally is a 
sign of the phase transition in the event 
of the complete absence of the external 
field. It is obvious that in the presence 
of the field of force, ,.the asymmetric 
molecules, which are in the state of 
equilibrium, will tend to arrange them- 
selves according to the lines of force of 
the field. Thus, it is possible to change 
continually the anisotropy of the system, 
where the developing symmetry will 
coincide with the symmetry of the applied 
field. This continuous modification of the 
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anisotropy of a body under the action of 
a constantly varying field of force, or the 
change of symmetry of the body with the 
alteration of the field symmetry, cannot 
be regarded as a phase transition. 

Indeed, with respect to the external 
field, the body remains anisotropic. It 
must be kept in mind that in the field of 
force, generally speaking, not all direc- 
tions are equivalent. If the same non- 
equivalence is possessed by the substance 
under consideration, it is natural to 
regard such a body as isotropic in relation 
to the field.%’ It should be noted that an 
isotropic body thus defined will appear 
anisotropic under the investigation of 
other physical properties of the substance 
associated with its structure, but not con- 
nected with the impressed field. The 
unmistaken indicator of the phase tran- 
sition in the external field of force will 
be the development of symmetry not 
coinciding with the symmetry of field, 
i.e., the appearance of anisotropy in 
respect to the external field. 

All the above considerations refer, of 
course, to’ the balanced state of the 
material in the external field of force. In 
analysing the unbalanced states of a sub- 
stance, it may occur that symmetry of the 
body will differ from the field symmetry, 
which condition will always be accen- 
tuated in materials having lengthy periods 
of relaxation. In this event, even the 
appearance of difference between the field 
symmetry and that of the body will not 
uniquely testify to the presence of phase 
transition. 

A specially important case attaches to 
the unbalanced state of bodies with long 
periods of relaxation following the 
removal of the field; a case in point is, for 
example, a specimen of a high polymeric 
material, subjected to a _ prolonged 
deformation, immediately after its 
release from the influence of the deform- 
ing forces. : 

In this event the body may for a 
lengthy interval possess a very high aniso- 
tropy while free from the action of 
extraneous forces. Thus, the presence of 
anisotropy in a substance (e.g., giving 
doubie refraction of light rays), in the 
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absence of certainty that the body is in 
the balanced condition, does not permit 
us to draw any deductions with regard to 
its phase state. 

It is worthy of note that the change oj 
the interference pattern obtained by the 
R6éntgenographic method, while the sub 
stance is under the action of external 
forces, also does not prove the presence 
of phase transition, and may be con- 
ditioned by field symmetry. 

Consequently, even such information, 
as the alteration of the X-ray dispersion 
diagram, cannot always yield the unique 
data on the phase transition in high 
polymers. 


Examination of Thin. Films by the 
Electron Diffraction Method 


The question as to whether a high poly- 
meric material is a _ crystalline or 
amorphous body at normal temperature 
is extremely important in the explana- 
tion of physico-chemical properties of a 
given high molecular compound. If we 
assign to high polymeric products an 
amorphous structure, then we will have 
to interpret in an entirely different way 
the behaviour of these substances when 
they undergo mechanical deformation, 
their reaction ability, swelling, solubility, 
etc. 

In these cases, the balanced condition 
of the body is reflected in.«the isotropic 
state, the mechanical deformations are 
accompanied merely by the reversible 
structural modifications and are of the 
relaxation character, the solution is 
described as the mixing of the liquids. 
Here, naturally, the concept of inter- and 
intrami-cellar reactions loses its meaning. 
In the light of the existing notions on the 
amorphous nature of high polymers, the 
approach to the question that arises in the 
interpretation of X-ray diagrams should 
be made from a totally different angle. 
In the event, when a high polymeric sub- 
stance possesses no crystalline structure, 
the determination of the parameters of the 
space lattice or the distances between the 
lattice planes loses all meaning. In ‘the 
Réntgenograms we obtain a series \of 
interference patterns formed as a result of 
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any periodicities in the structure. In this 
case it is impossible to speak strictiy of 
the identity periods. The arrangement of 
the atoms in the amorphous body can be 
described with the aid of the distribution 
curve of the density in relation to the dis- 
tance calculated from any atom, 
arbitrarily chosen as the origin of co- 
ordinates. On this curve there exist the 
points of maxima, which correspond to 
the distances most frequently met with 
between the atoms. Those identity 
periods, which are determined from inter- 
ference patterns of an amorphous body, 
may be referred to the loci of these 
maxima on the distribution curve. The 
interference pattern also depends upon the 
wavelength of the dispersed radiation. 
With the small wave-lengths, there come 
into play the deviations from the most 
probable identity periods, and, thus, 
interferences corresponding to the most 
pronounced maxima on the’curve of dis- 
tribution of the atoms in terms of dis- 
tances between them, will tend to vanish 
withthe diminution of the wave-length of 
the dispersed radiation. 

In the interference patterns derived 
from high polymeric materials we deal 
with the two types of interferences: (1) 
the interferences conditioned by a regular 
arrangement of the atoms in the molecule 
(intramolecular dispersion), and (2) those 
evoked by interactions between the mole- 
cules (intermolecular dispersion). 

The interatomic distances in the mole- 
cule are kept relatively exact (the devia- 
tions are caused only by the vibratory 
oscillations of atoms in the molecule), 
and, therefore, the intramolecular disper- 
sion, practicaily, does not depend on the 
wave-length. Thus, interferences cor- 
responding to intramolecular dispersion 
should be present in the interference pat- 
terns. As the wave-length of the dis- 
persed radiation increases, there should 
emerge new interferences, corresponding 
to intermolecular dispersion. or this 
reason it is impossible to obtain an exact 
understanding of the structure of an 
amorphous substance from the electron 
diffraction pattern produced by the use 
of one wave-length. By utilizing suffi- 


PLASTICS 229 


ciently small wave-lengths, to obtain only 
the intramolecular dispersion, it becomes 
feasible to arrive at certain inferencés as 
to molecular structure. 


Deductions 


In conclusion, it should be pointed 

out that the peculiar charactertistic of 
high polymers is the substantial depend- 
ence of physical properties not only on 
the chemical constitution and the mag- 
nitude of the molecule, but also on its con: 
figuration. Indeed, should there be a body 
with very large rigid molecules, which 
do not vary in their shape in the cause 
of phase transitions, then its physical pro- 
perties in the equilibrium state would 
be described by the same laws as those 
in the case of substances with small mole- 
cules. In the latter instance, the whole 
molecule is an independent structural 
unit, ‘irrespective of its size. For high 
polymeric flexible molecules, the mole- 
cule itself cannot be regarded as a struc- 
tural unit possessing non-varying proper- 
ties. Such a molecule represents a com- 
plex system whose structural units are 
the individual links. 
This circumstance gives rise to the 
duality ’’ of the physical properties 
characteristic to high polymers, conform- 
ing to the two products of the structural 
units (chains and links). In other words, 
apart from the usual consideration of the 
totality of molecules, in the case of high 
polymers we should simultaneously take 
into account the fact that the molecule 
itself is the totality of links. 

In both the totalities there may occur, 
independently, orientation and disorient- 
ation of the structural elements with 
corresponding periods of _ relaxation. 
Therefore, in respect of high polymers we 
should distinguish the two groups of 
relaxation periods, relating to the distri- 
tution of links in the chain, and the 
arrangement of chains relative to one 
another. Both groups of processes exert 
an influence upon the physical properties 
of high polymeric materials. Depending 
or. the type of the groups which are domi- 
nant.in the process, we obtain by suitable 
estimation one or another characteristic 


oe 





230 


feature of the examined physical property 
of a high polymeric substance. Thus, for 
example, in studying mechanical pro- 
perties, with very rapid deformations, we 
modify in the investigational process 
merely the shape of the chains, but not 
their mutual arrangement.%! Here the pro- 
cesses are connected with the displace- 
ment of chains as a whole (i.e., the 
processes of viscous flow), where the 
relaxation period is very great in compari- 
son with the time of deformation. The 
behaviour of the materials in this case will 
be that of a purely elastic nature. 

On the contrary, with very slow 
deformation in the substance, only vis- 
cous properties will be developed, with 
almost complete lack of elasticity. The 
latter explanation holds perfectly true in 
the case of absence between molecules of 
the supplementary bonds of the type 
peculiar to vulcanization. ‘ 

Similarly, in the examination of the 
structure of material, dependent on the 
method of the physical analysis 
employed, we obtain one or another kind 
oi results. In studying the double refrac- 
tion (large wave-lengths), we take into 
account merely anisotropy, conditioned 
by the distribution of chains.?64 

In examining the diffraction of high 
velocity electrons (small wave-lengths), 
we derive a notion concerning the 
behaviour of separate links, but obtain no 
information on the arrangement of chains. 
Therefore, one and the same substances 
may, under dissimilar methods of investi- 
gation, give different results. For instance, 
in the studying of double refraction, a 
material may appear anisotropic, whereas 
with the help of the electronographic 
method, the same substance will yield a 
pattern characteristic to an isotropic body 
(the absence of structure). It should be 
remarked that for the systems with the 
rigid arrangement of molecules the results 
by both methods will coincide. 

From the foregoing discussion it is 
evident that, by applying other physical 
methods of the examination of high poly- 
mers, we shall obtain variable results, 
dependent on the fact, which of the twd 
groups of processes taking place in the 


PLASTICS 





MAY, 1943 


substance is more essential for a given 
method of determination. 

Obviously, it is quite possible to obtain 
all the intermediate cases as, for example, 
in studying not very rapid and not too 
slow deformations. 

Unfortunately, this ‘‘ duality ’’ is not 
usually taken into consideration in the 
modern methods of the technical exami- 
nation of high polymeric materials; the 
consequence being the divergence often 
observed in the industrial practice 
between the test data’ and the actual 
values yielded by the substance in 
exploitation. In order to account for the 
factor of ‘‘ duality,’’ it is necessary, first 
of all, to. introduce the temporary 
characteristics.265, 266 


(To be Continued). 
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The Hyglo Process 
An improved method of detecting 
cracks and other flaws in metal castings 
and plastic mouldings has been developed 
by High Grade Metal Tests, Ltd., of 
London. It employs a fluorescent sub- 


stance dissolved in a solvent, the crack 
in the immersed object then becoming 
visible to the eye under U.V. light. 
Operations are carried out in one tank 
only. 
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No passengers 


CIENCE is discouraging the barnacle. There is no room for 
‘*passengers ” on the smooth surface of the stream-lined age. 
Industry, too, distinguishes an AEROCESSORY from an 
accessory. It knows the AEROCESSORY as a_ revolutionary 
product which, far from being an adjunct, is conceived and 
designed specifically to solve a vital need of production and is 
blue-printed as an integral part of the whole. 

The AEROCESSORY, moreover, is a product sired by 
the high limits of precision engineering essential to the exacting 
needs of aeronautics—standards which are becoming every 
day equally appreciated by all industry in this the Air Age. 


SIMMONDS 


The Creative Impulse in 
AERONAUTICAL, INDUSTRIAL & MARINE 
Construction 


THE SIMMONDS NUT - PINNACLE NUT : SPIRE NUT 
SIMMONDS GAUGES, INSTRUMENTS AND CONTROLS 
FRAM OIL & ENGINE CLEANER 


SIMMONDS AEROCESSORIES LTD. 
GREAT WEST ROAD, LONDON 


A COMPANY OF THE SIMMONDS GROUP 
LONDON, MELBOURNE, PARIS, NEW YORK. 
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INSTRUCTION IN 
PLASTICS TECHNOLOGY 


NEW organization has been 

formed to supply ambitious 

people interested in the Plastics 
Industry with modern instruction in 
Plastics Theory and Practice. 


The new organization, known as 
The British Institute of Plastics Tech- 
nology, is the specialist Plastics 
Division of The British Institute of 
Engineering Technology Ltd., one of 
the largest home-study _ technical 
training organizations in the world. 





Specialist Plastics Courses are being prepared 
and will be available within a reasonable 
period. Those interested are advised to 
submit their names and addresses, when full 
particulars will be forwarded as our tutorial 
plans mature. Enrolment for the special 
courses will first be offered to those whose 
names have thus been recorded, but no 
obligation whatsoever will be incurred in 
lodging an application. 


THE BRITISH INSTITUTE OF 
PLASTICS TECHNOLOGY 
2, Shakespeare House, 
17/19, Stratford Place, London, W.1 
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INCREASE OUTPUT 


Equip your workers with the 
appliance tested and proved by more 
than 25 years’ successful service :— 


MALLOCK-ARMSTRONG 
EAR DEFENDER 


39, Victoria St., London, 8.W.1. Phone: ABBey 7//3 


the 

















WANTED-STOCKS for CASH 


E are cash buyers of merchandise of 
every description. Clearance Stocks, 
Discontinued Lines, Surplus Stocks, in 
fact, goods of all kinds can be disposed of 
through us, without delay, on the most 
favourable terms, and without trouble. 
pa you have anything for disposal, 
either now or at any future time, please 
send us samples, full particulars and price 
on a cash settlement basis. 


RELIANCE TRADING COMPANY, 
1, Maresfield Court, 
104, Finchley Road, 
LONDON - N.W.3. 




























WHEN YOU REQUIRE 


machine-engraved, chemically-etched or 
die-pressed calibrated dials and rack arms, 
instrument panels, labels, etc., in metal or 
plastics (in English, Russian or other 
languages) consult 


THE STAR PROCESS ENGRAVING CO. LTD. 


Lower Mosley Street, Manchester 2 
A.I.D 
FULLY APPROVED 


HYDRAULIC PRESSES a. 
prices to Box No. 3697, c/o ** PL. 

2-0Z. REED PRENTICE INJECTION MOULDING MACHINE 
Box No. 5331, c/o ‘*‘ PLASTICS,”” 433 
PROGRESSIVE ‘PUBLIC COMPANY open to consider Bi tn 
of existing businesses, engaged in Plastics Moulding, on favour- 
able terms. Details to Box No. 7150, c/o ‘‘ PLASTICS.”’ 73/86 
WANTED, scrap pieces coloured celluloid. Good price offered. 
State approximate sizes and enclose sample. Box No, 5382, 
c/o ‘* PLASTICS.” 72/90 
WE REQUIRE Bakelite or Metal Screw Caps for Bottles and 
Jars. All sizes. Large and small quantities acceptable. Please 


Send fullest ey tee 


send samplee and full particulars to Reliance Trading Co., 1 
74/93 


Maresfield Court, ” Finchley Road, London, N.W.3. 


MISCELLANEOUS 
ACETATE CELLULOSE. Expert offers technical éavic 
Dyeing of Acetate Cellulose material. Apply to Box No. hb 
c/o “ PLASTICS,” 72/x431 
ACETATE AND NITRATE OFF-CUTS and scrap sheets, also 
flakes, available for work of National Importance. LLOYDS, 
72, Bridge Street, Christchurch. 222/65 

‘COMPANY will shortly be in a position to take on further 
















































SITUATIONS VACANT ——————_ 
~ EXPERT ADVISER wanted on lay-out of plant and machinery 
for plastic button industry. Good fee. Write Box No. 5235, 
c/o * PLASTICS.” 72/x158 
“ PLASTICS.”. Contributors required to write lessons or text- 
books on Plastics for a tutorial institute. Part-time work. 
Attractive fees offered. Send particulars of papas etc., 

in confidence, to Box No. 5384, c/o ‘* PLASTIC. 72/9 

WORKS MANAGER (WORKING) WANTED for small Plastics 
plant in 8.E. England. Must be fully conversant with all 
branches of the Plastics Industry, able to install the necessary 
plant and the maintenance of same, and not afraid of hard 
work. Must be in a position to accept an immediate appoint- 
ment. Advertiser would be prepared to give the right man an 
interest in the business. Send full details as to experience and 
salary required, Box No. 7149, c/o ‘‘ PLASTICS.” 73/87 


tract the eee 
of moulds. Sheet. Acetate eee etc. Approved. Box No. 
5402, c/o “ PLASTICS,” 72/x430 
CAPITA Active and Non-active Directorships of new or 
established Companies wanted for numerous Clients who have 
from £2,000 to £20,000 each to Pg in the ae Industry 
and allied industries. Box No. 5270, c/o ‘‘ PLASTICS,” 72/x275 
CHARTERED ACCOUNTANTS have Clients (Cotton Manu- 
facturers) wishing to take an interest in firm of Plastic 
Manufacturers who require finance; alternatively, to contact 
persons experienced in Plastics, with view to manufacturing 
after the War. Replies, in strictest confidence, to Box D 318), 
W. H. Smith & Son, on anchester, 3. 72/92 
LEADING FIRM OF INDUSTRIALISTS wish to make contact 
with fully qualified consultants of manufacturers of Plastics who 
are able to advise in a consulting capacity on the employment of 
Plastics in sheet form under stressed or semi-stressed conditions, 
such as in the hills of small.vessels. In all probability the work 
involved could becarried out on a parte’ ~time basis, or on the basis 








sit wAvioNS WANTED 

BAKELITE MOULDING SHOP FOREMAN seeks position. 
15 years’ practical experience. Box No. 
7155, c/o ** PLASTICS,” 72/x9897 


Excellent references. 








—_—_——— WANTED 

“ABRIDGMENTS OF PATENT SPECIFICATIONS wanted. Group 

V—Volumes 360,001—380,000; 400,001—420,000; 440,001— 
460,000, Gill, Jennings & Every, 51/52, Chancery Lane, 
London, W.0.2. 72/x432 
ADVER § wish to purchase small business manufacturing 
Plastics articles. Write at. partie ulars, in confidence, to 
Box No, 5381, c/o “* PLASTIC 74/8 





ofa will be treated in 
confidence and fuller details i thereafter. “It is, however, 
essential that full pa: lars are given to rience 
and ability in the "ae of work reunited when answering this 
advertisement. Box No. 5380, c/o ‘‘ PLASTICS.” 72/89 
pan oat or 7 Permanent ee ane address, Letters 
redire 5/-p.a. Write BM/MONO76, W.C.1. 74/73 
MOULDING CAPACITY available. ones invited. Box 
No. 5383, c/o ‘‘ PLASTICS,” 75/94 
PULVERISING AND GRINDING UNDERTAKEN for the trade, 
advice given and research undertaken at our experimental 
stations, DOMEWOOD, LTD., 68, Victoria 8t.,8.W.1. 82/80 
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Tullis Rusasell + Co. Ltd. 
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| MAKERS OF 
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™ AUCHMUTY & ROTHES PAPER MILLS 
: MARKINCH, SCOTLAND 


LONDON MANCHESTER BIRMINGHAM 
ni I Tudor Street, E.C.4 372 Corn Exchange Buildings 116 Colmore Row 
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NOW is the time... 


Now is the time, in the early stages of design, when it pays 
to consult ERINOID Ltd. 


When pencil is first put to paper ERINOID can usually give 
you a reliable view of the probable material supply position 
of the future. 


They may not be able to guarantee that ANY particular supplies 
will be available when you are ready to start Production. But 
they can certainly plan their own Production with an eye to 
your future needs, and equally they can steer you clear of 
hidden snags, and enable you to design now in a manner which 
will save those last minute modifications, which interfere 
so seriously with Production. 


So... always consult ERINOID Ltd. as early as possible. 


ERINOID 


One of Lhe oldest names tn the [Uasties Industry 


MOULDING ——— IN 
LAMINATED MATERIALS 


SYNTHETIC RESINS 


ERINOID LIMITED, LIGHTPILL MILLS, STROUD, GLOSs. 








